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separate  environmental  control  system  dedicated  to  avionics  cooling  are 
reviewed. 


A  life-cycle  cost  payback  model  that  addresses  the  impact  of  PME 
standardization  on  the  cost  of  avionics  systems  in  USAF  aircraft  is 
described.  The  results  of  exercising  the  model  are  reported. 

The  significant  tasks  and  scheduling  for  the  next  phases  of  avionics 
PME  development,  leading  to  the  definition  and  acceptance  of  a  military 
avionics  PME  standard,  are  presented. 
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FOREWORD 


Under  Contract  F33657-79-C-0717,  ARINC  Research  Corporation  conducted 
a  study  of  the  development  of  an  avionics  packaging,  mounting,  and  environ¬ 
mental  (PME)  standard.  This  effort,  performed  for  the  Air  Force  Systems 
Command,  included  a  cost-benefit  analysis  of  PME  standardization. 

ARINC  Research  acknowledges  the  valuable  contributions  to  this  study 
provided  by  the  Aeronautical  Systems  Division  engineering  staff  (ASD/EN) . 

We  also  are  grateful  for  the  cooperation  extended  by  representatives  of 
the  aircraft  and  avionics  industries  in  their  written  responses  to  our 
questionnaires  and  follow-up  conversations  with  us. 
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ABSTRACT 


This  is  the  final  report  on  a  study  concerning  the  development  of  an 
avionics  packaging,  mounting,  and  environmental  (PME)  standard  and  an 
associated  cost-benefit  analysis  performed  by  ARINC  Research  Corporation 
for  Air  Force  Systems  Command,  Aeronautical  Systems  Division,  Wright- 
Patterson  AFB,  Ohio.  The  report  compares  military  and  commercial  airlines 
avionics  generic  standards  to  determine  their  technical  and  procedural 
differences  and  identifies  the  changes  and  waivers  required  when  equipment 
built  to  the  commercial  airlines  standards  are  procured  by  the  USAF.  It 
also  compares  the  functional  and  physical  characteristics  of  certain 
military  and  commercial  avionics  equipments  and  assesses  the  degree  of 
utility  of  current  commercial  equipments  for  use  in  USAF  aircraft. 

The  opinions  of  aircraft  and  avionics  manufacturers  concerning  a 
military  avionics  PME  standard  and  their  suggestions  as  to  what  the  stan¬ 
dard's  scope  and  applicability  should  be  are  reported.  Alternative  avion¬ 
ics  cooling  procedures  and  technologies  and  the  concept  of  employing  a 
separate  environmental  control  system  dedicated  to  avionics  cooling  are 
reviewed. 

A  life- cycle -cost  payback  model  that  addresses  the  impact  of  PME 
standardization  on  the  cost  of  avionics  systems  in  USAF  aircraft  is  de¬ 
scribed.  The  results  of  exercising  the  model  are  reported. 

The  significant  tasks  and  scheduling  for  the  next  phases  of  avionics 
PME  development,  leading  to  the  definition  and  acceptance  of  a  military 
avionics  PME  standard,  are  presented. 
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EXECUTIVE  SUMMARY 


1.  INTRODUCTION 

This  report  concerns  the  standard  avionics  packaging,  mounting,  and 
cooling  (PMC)  concepts  used  by  the  United  States  commercial  airlines  and 
their  applicability  to  United  States  Air  Force  (USAF)  avionics.  The  study 
it  culminates  investigated  (1)  the  extent  to  which  avionics  subsystems 
built  to  commercial  form,  fit,  and  function  (F3)  standards  might  be  used 
in  ,USAF  aircraft;  (2)  aspects  of  equipment  packaging,  equipment  thermal 
performance,  aircraft  environmental  control,  and  aircraft  electromechanical 
interfaces  to  which  a  USAF  PME  (Packaging,  Mounting,  Environment)*  standard 
might  be  applied  successfully;  and  (3)  the  cost-benefit  relationships 
associated  with  various  approaches  to  implementing  the  elements  of  a  USAF 
PME  standard.  Also,  a  plan  for  developing  and  applying  a  USAF  PME  standard 
was  completed  as  part  of  the  study. 

The  contract's  Statement  of  Work  identifies  the  following  subjects 
for  study: 

•  Task  1:  Potential  USAF  Use  of  Commercial  Avionics 

•  Task  2:  Cost-Benefit  Relationships  Associated  with  USAF  PME 
Standardization  in  Avionics 

•  Task  3:  Development  Plan  for  an  Avionics  PME  Standard 

The  first  work  of  Task  1  was  the  identification  of  generic  differences 
between  the  Military  Specifications  and  Standards  applicable  to  USAF  avion¬ 
ics  procurement  and  the  ARINC  Characteristics  and  Specifications.  A  corol¬ 
lary  to  this  work  was  the  identification  of  general  exemptions  to  the 
Military  Specifications  and  Standards  that  will  be  required  if  commercially 
developed  avionics  are  to  be  used. 

The  second  part  of  Task  1  was  a  review  of  specific  avionics  equipments, 
specifications,  or  functional  requirements  associated  with  several  USAF 
aircraft  types  to  determine  the  applicability  of  correnercial  equipment  de¬ 
fined  by  ARINC  500  series  Characteristics  ("Current  Commercial  Avionics") 
and  the  ARINC  700  series  Characteristics  ("Future  Commercial  Avionics"). 


*For  purposes  of  this  study,  the  term  "PME"  is  used  interchangeably  with 
"PMC",  since  the  major  envi ronmental  impact  under  discussion  is  cooling 
or  the  thermal  environment. 
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Task  2  started  with  the  development  of  a  systematic  methodology  for 
cost-benefit  analysis  for  such  factors  as  the  following: 

•  Retrofit  versus  new  (future  installations) 

•  Small  aircraft  versus  large  aircraft 

•  Life-cyc_ j-cost  impacts 

•  Reliability/maintainability  impacts 

•  Impact  on  common  avionics  versus  mission-unique  avionics 

The  second  stage  of  Task  2  was  the  development  of  preliminary  cost- 
benefit  figures  for  the  following  standardization  alternatives: 

•  Avionics  line-replaceable  unit  (LRU)  packaging  standard 

•  Avionics  rack/mounting/interface  standard 

•  Avionics  environment  standard 

•  Avionics  common  power  standard 

•  All  of  the  above  as  a  full  PME  standard 

In  support  of  this  cost-benefit  analysis,  industry  opinion  was  soli¬ 
cited  on  the  potential  benefits  and  cost  implications  of  a  military  avion¬ 
ics  PME  standard.  The  impact  of  new  avionics  cooling  technologies  on  PME 
standardization  alternatives  was  also  addressed. 

In  Task  3  a  likely  scenario  for  implementing  a  USAF  PME  standard  was 
developed.  It  suggests  that  the  effort  needed  to  develop  alternative  PME 
standards  should  be  scheduled  over  the  next  1-1/2  to  2  years,  and  the  task 
descriptions  for  each  work  package  carefully  defined. 

A  plan  was  formulated  for  developing  the  PME  standard  by  open-forum 
discussions  of  "strawman"  standards  in  meetings  attended  by  user  command 
and  industry  representatives. 

Our  general  findings  in  each  of  these  task  areas  are  summarized  in 
the  following  sections. 


2.  COMPARISON  OF  MILITARY  AND  AIRLINES  STANDARDS 

Because  of  their  different  origins  and  objectives,  there  is  consider¬ 
able  divergence  between  the  military  standards  and  specifications  that 
govern  USAF  avionics  procurement  and  those  that  serve  a  parallel  function 
for  civil  aviation  —  FAA,  RTCA,  ICAO  performance  standards  and  commercial 
airlines  (ARINC)  form,  fit,  and  function  ( F 3 )  characteristics.  During  this 
study,  we  reviewed  a  large  number  of  both  military  and  commercial  specifi¬ 
cations  and  standards  in  attempting  to  determine  some  of  the  major  differ¬ 
ences  between  them  in  both  purpose  and  use.  As  a  result  of  this  review, 


in  conjunction  with  ASD  personnel,  we  developed  generic  classes  of  differ¬ 
ences  and  specific  waiver  exemptions  we  feel  would  be  applicable  to  use 
purely  commercial  standards  for  military  applications.  We  concluded  that 
there  were  three  generic  classes  of  differences: 

•  Physical  and  Performance  Differences  -  Airlines  units  may  be  too 
big  for  space-premium  USAF  aircraft,  may  not  withstand  the  physical 
environment  of  these  aircraft,  or  may  not  provide  the  performance 
characteristics  required  by  these  aircraft.  In  some  cases,  accom¬ 
modations  may  be  made,  but  generally  this  class  of  differences 
dissuades  the  use  of  commercial  equipments. 

•  Electrical  and  Mechanical  Interface  Differences  -  These  encompass 
differences  in  connectors,  data  formats,  cooling-air  needs,  etc., 
which  result  from  differences  in  military  and  commercial  practices. 
Minor  modifications  or  waiver  of  military  requirements  can  make 
commercial  avionics  acceptable  for  military  use. 

•  Procurement  Documentation  Differences  -  ARINC  Characteristics 
specify  form,  fit,  and  function  (FJ )  interfaces  and  do  not  detail 
design  features  or  specify  piece-parts  and  processes.  MIL  Speci¬ 
fications  detail  design  and  construction  as  well  as  performance 
required.  Also,  differences  occur  in  application  of  quality  con¬ 
trol,  vendor  participation,  and  acquisition  practices.  These  dif¬ 
ferences  do  not  affect  the  functional  adequacy  of  commercial 
equipments,  but  they  do  raise  concerns  in  military  acquisition 
and  logistics  circles. 


3.  POTENTIAL  USE  OF  COMMERCIAL  AVIONICS 

Commercial  airlines  flight-essential  avionics  are  designed,  manufac¬ 
tured,  tested,  and  certified  to  a  well  defined  and  documented  set  of 
standards,  which  correlate  qualitatively,  and  sometimes  quantitatively, 
with  equivalent  military  specifications  and  standards.  The  key  specifica¬ 
tion  that  has  been  in  use  in  the  commercial  airlines  since  1956  is  ARINC 
Specification  404:  Air  Transport  Equipment  Boxes  and  Racking.  Avionics 
equipments  defined  by  current  ARINC  Characteristics  (the  ”500  series") 
comply  with  ARINC  404A  and  provide  a  high  degree  of  interchangeability 
between  like  units  supplied  by  different  avionics  manufacturers.  The  air¬ 
lines  have  developed  and  implemented  a  now-generation  racking  specification 
—  ARINC  Specification  600.  The  principal  advance  of  ARINC  600  over  ARINC 
404A  is  in  ensuring  the  availability  of  improved  cooling  by  limiting  the 
avionics  thermal  dissipation  according  to  the  LRU  case  size,  and  by  requir¬ 
ing  adequate  quantities  of  clean  cooling  air  to  be  furnished  to  it.  Other 
changes  redefine  the  allowed  avionics  case  sizes  and  introduce  a  new  style 
"low  insertion  force"  rear  connector  and  revised  box  hold-down  arrangements. 
Avionics  equipments  conforming  to  ARINC  600  an  defined  by  ARINC  Charac¬ 
teristics  in  the  "700  series."  The  ARJNC  70 0  series  Characteristics  also 
standardize  data  input  and  output  to  the  digital  formats  of  ARINC  Specifi¬ 
cation  429,  Digital  Information  Transfer  System  (DITS)  and,  where  appro¬ 
priate,  to  ARINC  Specif ication  453,  Very  High  Speed  Data  Bus.  On  the 
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basis  of  our  review  of  selected  commercial  standards  and  their  applications 
to  specified  USAF  aircraft,  we  make  the  following  conclusions: 

•  Existing  commercial  avionics  are  broadly  applicable  to  use  in 
military  transport  aircraft:  only  relatively  simple  racking  and 
interface  changes  are  required  in  aircraft  not  originally  designed 
for  commercial  avionics. 

•  Existing  commercial  avionics  can  be  used  in  bombers  and  other  pene¬ 
tration  aircraft  if  racking  and  interface  modifications  are  made 

in  the  aircraft  and  if  the  aircraft  and/or  avionics  are  modified 
to  provide  required  interfaces  with  mission  equipment,  to  prevent 
EMI,  and  to  provide  for  EMP  and  nuclear  hardening. 

•  Existing  commercial  avionics  generally  will  not  be  applicable  to 
high-performance  aircraft  because  of  space,  environment,  or  per¬ 
formance  constraints;  in  some  cases,  however,  available  space  may 
permit  installation  of  selected  avionics  and  necessary  interfaces. 

•  Use  of  future  commercial  avionics  will  require  adaptive  work  in 
USAF  aircraft.  In  addition,  because  they  accept  only  digital 
inputs  and  provide  only  digital  outputs  (both  to  the  ARINC  429 
format) ,  future  commercial  avionics  will  require  additional  inter¬ 
face  equipment  to  make  them  compatible  with  existing  analog  inputs 
and/or  with  the  MIL-STD-1553  data  bus. 

•  The  cost-benefit  relationships  associated  with  the  USAF's  using 
commercial  avionics  are  difficult  to  articulate.  The  use  of  com¬ 
mercial  avionics  can  circumvent  the  development  time  and  cost  of 
military  procurement  in  circumstances  where  military  equipment  is 
not  readily  available.  The  acquisition  cost  of  commercial  avionics 
is  comparable  to  large-lot  GFE  procurements  for  similar  functional 
systems.  The  greater  maturity  and  higher  reliability  in  commercial 
avionics,  generally  due  to  higher  flying-hour  experience  and  con¬ 
tinuing  vendor  involvement,  tend  to  offset  higher  logistics  cost 
that  may  be  introduced  by  non-standard  parts.  Each  procurement 
should  continue  to  be  evaluated  on  a  casc-by-ca.se  basis. 

Table  S-l  lists  our  findings  on  the  degree  of  applicability  of  ARINC  500- 
series  equipments  in  selected  military  aircraft. 

4.  STUDIES  SUPPORTING  COST-BENEFIT  ANALYSIS 

As  part  of  the  cost-benefit  analysis  of  Task  2,  we  were  asked  to  per¬ 
form  two  special  supporting  studies:  (1)  an  industry  survey  to  solicit 
opinions  and  data  on  the  merits  of  a  USAF  avionics  PME  standard  and  (2)  a 
review  of  "new"  cooling  technologies,  to  assess  the  potential  effects  of 
such  technologies  on  future  PME  standardization. 


Table  S-l.  APPLICABILITY  OF  ARINC  500  SERIES  AVIONICS  TO  CURRENT  USAF  AIRCRAFT 
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*ARINC  533A  has  a  1  ATR  long  form  factor  but  includes  most  military  needs.  Collins 
618(T)  is  an  ARINC  533A  unit. 


4. 1  Industry  Survey 

Industry  inputs  were  solicited  by  a  mailed  questionnaire.  Follow-up 
visits  were  made  to  General  Dynamics  at  Ft.  Worth,  Rockwell  International 
(Collins  Radio)  at  Cedar  Rapids,  and  Bendix  Avionics  at  Ft.  Lauderdale. 

We  conferred  with  personnel  of  Boeing  Aerospace  at  Seattle  by  telephone. 
These  direct  contacts  reinforced  the  written  responses  and  provided  first¬ 
hand  information  on  current  military  and  commercial  avionics  integration 
constraints  in  high-performance  aircraft.  The  survey  revealed  an  almost 
unanimous  opinion  that  the  military  should  establish  an  avionics  PME  stan¬ 
dard  along  the  lines  of  the  AEEC/ARINC  concept;  there  would  need  to  be 
differences,  it  was  generally  conceded,  because  of  the  different  sizes 
and  environmental  constraints  of  military  aircraft  and  the  sometimes  more 
stringent  performance  requirements.  There  was  an  equally  emphatic  opinion 
among  both  aircraft  and  avionics  manufacturers  that  military  environmental 
test  requirements  were  frequently  much  more  demanding  than  the  actual  air¬ 
craft  environment  warranted.  The  avionics  manufacturers  felt  that  this 
over-specification,  together  with  military-qualified-parts  requirements, 
represents  a  cost  element  in  military  procurement  that  is  not  justified 
by  any  demonstrated  superiority  of  the  military  product  over  its  commercial 
counterpart. 

The  consensus  was  that  a  USAF  avionics  PME  standard,  based  on  the 
ARINC  600  concept,  is  probably  viable  and  could  be  broadly  beneficial  for 
certain  classes  of  aircraft  in  the  proper  context.  The  standard  would 
need  to  be  divided  into  subsets  or  sections  to  avoid  "worst  case"  over¬ 
specification  on  the  one  hand,  or  excessive  numbers  of  exceptions  (needed 
by  high-performance  military  aircraft)  from  a  standard  primarily  directed 
at  the  transport  aircraft  environment,  on  the  other  hand. 

While  it  would  be  desirable  to  apply  a  PME  standard  to  all  remotely 
mounted  avionics,  respondents  felt  that  it  might  be  more  practical  to 
restrict  application  of  the  standard  to  "common  functions",  excluding 
mission  avionics  completely.  They  also  agreed  that  the  primary  applica¬ 
tion  should  be  to  new  aircraft. 

4. 2  Review  of  Avionics  Cooling  Technology 

Alternative  avionics  cooling  technologies  were  reviewed  to  determine 
what  potential  impact  they  might  have  on  USAF  avionics  standardization. 

The  requirement  to  transfer  increasingly  greater  amounts  of  heat  from 
components  or  chips  to  the  outside  of  the  package  will  put  more  emphasis 
on  the  use  of  conductive  heat  transfer  rather  than  transfer  by  natural 
convection,  internal  fans,  or  forced  air.  Heat  transfer  from  the  package 
to  the  final  heat  sink  (outside  air  or  fuel)  may  rely  on  circulating  air, 
vapor,  or  liquid,  or  may  also  be  entirely  conductive.  Technology  is  now 
available  to  implement  such  a  shift  from  the  almost  routinely  used  blow- 
through  air-cooling  systems  to  self-contained  closed-cycle  cooling  systems 
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or,  in  some  circumstances,  to  thermoelectric  heat  transfer.  Advantages  of 
such  a  change  include : 

•  Improved  operation  at  high  altitude 

•  Exclusion  of  contaminants  (water,  dust,  nuclear  debris) 

•  Less  power  drawn  from  the  aircraft's  propulsion  system 

These  design  trends  emphasize  the  need  to  plan  for  a  new  USAF  avionics 
PME  standard,  as  well  as  making  optimum  use  of  commercial  transport  avion¬ 
ics  where  these  will  adequately  perform  the  required  function. 

5.  COST-BENEFIT  ANALYSIS 

During  this  preliminary  study  of  PME  standardization,  two  of  the 
principal  activities  were  (1)  to  develop  a  methodology  for  evaluating 
the  potential  effects  of  an  avionics  PME  standard  on  the  costs  associated 
with  the  avionics  in  a  fleet  of  aircraft  through  its  life  cycle,  and  (2) 
to  develop  and  exercise  a  computer  program  in  support  of  the  evaluation; 
the  program  had  to  be  capable  of  analyzing  the  effects  of  the  five  alter¬ 
native  standards  under  consideration; 

•  Avionics  line- replaceable  unit  (LRU)  packaging  standard 

•  Avionics  rack/mounting/interface  standard 

•  Avionics  environment  standard 

•  Avionics  common  power  standard 

•  Avionics  PME  standard  (combination  of  the  above) 

The  scenario  that  we  used  to  perform  the  PME  cost-benefit  analysis 
included  a  mix  of  three  types  of  aircraft  that  are  currently  in  the  USAF's 
projected  force  structure:  (1)  high-j>orformance  tactical,  (2)  tactical 
attack/observation,  and  (3)  cargo/transport.  This  force  subset  is  pro¬ 
portionally  representative  of  the  total  USAF  current  inventory. 

Avionics  costs  were  separated  into  two  groups:  (1)  communication 
and  radio-navigation  equipments  (e.g. ,  UHF  Radio,  TACAN) ,  and  (2)  mission 
or  aircraft-unique  equipments,  (e.g.,  EW,  radar).  A  third  cost  group  was 
added  to  account  for  the  cost  of  environmental  control  when  included  in 
the  standard  being  analyzed. 

The  sensitivity  of  potential  saving  to  input  assumptions  was  also 
determined;  this  provided  significant  insight  into  the  relative  attrac¬ 
tiveness  of  each  standardization  concept. 

Results  of  the  cost-benefit  analysis  are  depicted  in  Figure  S-l. 
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Future  cost  paybacks  will  stem  primarily  from  cost  saving  on  LRU 
acquisitions  and  avionics-update  modifications.  We  expect  that  the  prin¬ 
cipal  expenditure  will  be  for  implementing  the  environmental  control  system 
standard.  Because  of  this,  the  new  cost  saving  will  be  significantly 
limited  for  the  two  standardization  alternatives  that  include  an  environ¬ 
mental  standard  (avionics  environmental  standard  and  full  avionics  PME 
standard) .  The  largest  payback  potential  resides  in  applying  standardiza¬ 
tion  to  aircraft  or  mission-unique  avionics,  simply  because  this  group 
incurs  the  greatest  avionics  cost  and  occurs  in  the  most  numerous  aircraft, 
the  tactical  fighters. 

If  the  scenario  used  to  perform  the  cost-benefit  analysis  had  not 
been  limited  to  avionics  used  only  in  future  aircraft,  larger  returns  in 
the  aggregate  might  have  been  shown.  However,  it  was  not  possible  to 
determine  realistically  the  extent  to  which  the  PME  standardization  alter¬ 
natives  could  be  implemented  in  an  existing  aircraft  architecture  or  at 
what  cost  they  could  be  implemented.  This  inability  stemmed  principally 
from  the  wide  variations  in  retrofit  needs. 

The  following  are  key  conclusions  that  provide  good  direction  for 
future  work: 

•  Aircraft  not  yet  designed  appear  to  be  the  best  candidates  for 

implementation  of  the  USAF  PME  standard.  For  these  aircraft,  our 
analysis  showed  that  economic  advantages  would  accrue  through 
the  PME  standardization  alternatives  in  the  following  order  of 
merit:  (1)  LRU  packaging  standard,  (2)  rack/mounting/interface 

standard,  (3)  full  PME  standard,  (4)  common  power  standard,  and 
(5)  environmental  standard.  Payback  periods  varied  from  5  to  15 
years  depending  on  investment  required  and  benefits  gained. 

•  Fighter-type  aircraft  comprise  the  largest  component  of  the  USAF 
projected  force  and  the  largest  component  of  the  representative 
force  addressed  in  this  analysis.  Even  small  cost  changes  asso¬ 
ciated  with  this  class  of  aircraft  will  derive  larye  changes  in 
total  USAF  avionics  life-cycle  cost. 

•  Radar,  weapon-delivery,  and  electronic-warfare  avionics  costs 
dominate  the  avionics  suite  LCC  and,  consequently,  have  the 
biggest  potential  quantitative  payback  for  PME  standardization. 

•  The  "common"  group  of  avionics,  which  is  the  most  amenable  to  the 
use  of  commercial  or  similar  standards,  represents  only  a  minor 
part  of  the  total  cost  of  the  avionics  for  a  combat  aircraft;  how¬ 
ever,  one  must  remember  that  operational  benefits  stem  from  any 
availability  improvements  in  flight  essential  functions. 

•  Installation  of  new  PME  standard  equipments  (racks,  mounting  pro¬ 
visions,  connectors  and  cables,  environmental  control,  etc.)  in 
older  aircraft  would  cost  at  least  as  much  as  installation  in  new 
production- line  aircraft,  and  most  likely  a  great  deal  more.  Any 
saving  attributable  to  upgrading  older  aircraft  with  PME  standards 
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would  necessarily  be  less  than  that  for  new  aircraft  by  the  in¬ 
creased  cost  of  installation.  Thus  the  payback  time  would  be 
longer,  but  there  would  be  less  opportunity  to  secure  the  possible 
benefits  because  of  the  age  of  the  aircraft  at  the  outset.  If  a 
PME  standard  is  implemented,  the  value  of  installing  PME  equipments 
on  older  aircraft  would  need  to  be  evaluated  by  trade-off  studies 
on  a  case-by-case  basis  as  hard  PME  cost  data  were  developed. 

•  Environmental  improvement  implemented  in  conjunction  with  PME 
standardization  would  have  a  much  more  significant  payback  poten¬ 
tial  than  environmental  improvement  implemented  alone. 

•  The  common  power  standard  can  be  implemented  on  a  stand-alone 
basis.  The  implementation  cost  necessary  to  provide  better  regula¬ 
tion,  voltage  spike  protection,  and  outage  prevention  are  much  less 
than  those  for  the  improved  cooling  system.  Currently,  this  pro¬ 
tection  must  be  provided  within  each  LRU.  The  payback  starts  by 
removing  this  cost  from  the  LRU  (acquisition  saving)  and  continues 
with  improved  reliability  (O&S  saving) . 

•  The  standardization  choices  are  not  mutually  exclusive;  for  example, 
continued  use  of  commercial  standards  for  transport-type  aircraft 
and  adaptation  of  the  ARINC  standards  for  other  applications  could 
be  approached  simultaneously;  or  an  LRU  packaging  standard  devel¬ 
oped  initially  could  later  be  included  as  part  of  a  full  PME 
standard . 


6.  SELECTED  TECHNICAL  ASPECTS  OF  PME  STANDARDIZATION 

ARINC  500  and  700  series  avionics  equipments  have  different  degrees 
of  direct  usability  in  USAF  aircraft.  Except  where  space,  environment,  or 
performance  prohibit  it,  adaptability  can  be  achieved  through  interface 
accommodation,  waiver  of  standards,  and  changes  in  the  procurement  process. 
These  requirements  often  cannot  be  accommodated  within  the  authority  of  the 
military  procuring  agency,  with  the  result  that  frequently  a  decision  is 
made  to  pursue  a  military  development.  In  many  cases,  this  spawns  another 
new  and  individualistic  piece  of  USAF  equipment.  A  PME  standard  that  has 
attributes  similar  to  ARINC  standards  can  remove  many  of  these  superficial 
obstacles  to  the  use  of  commercial  equipments.  Among  the  industry  repre¬ 
sentatives  we  surveyed,  there  is  a  consensus  that  applying  a  USAF  PME 
standard  is  a  suitable  way  to  gain  many  standardization  benefits  attributed 
to  commercial  practices,  even  if  commercial  avionics  themselves  are  not 
employed.  This  notion  complements  the  current  USAF  standardization  thrust, 
by  providing  cross-system  advantages  of  standardization  as  well  as  those 
gained  by  the  GFE  approach.  The  PME  concept  can  extend  from  standard 
boxes,  racks,  plugs,  wiring,  test  equipment,  installation  design,  and 
modification  process  to  power  sources,  environmental  control  sources, 
ducting,  and  porting.  In  addition,  it  introduces  a  high  {xstential  for 
commonality  in  many  other  aspects  across  multiple  platforms. 
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We  make  the  following  specific  conclusions : 

•  Sizing  is  the  main  point  of  contention  associated  with  a  PME  stan¬ 
dard.  ARINC  404A  and  600  Standards  are  considered  "frequently  too 
large,"  especially  for  space-constrained  fighter-type  aircraft. 
Sizing  in  a  PME  standard  should  accommodate  generalized  USAF  needs; 
while  a  single  standard  would  be  preferable,  multiple  standards  may 
be  necessary  to  serve  the  full  range  of  USAF  needs  economically. 
Perhaps  some  combination  ,s)  of  USAF  and  commercial  sizing  would  be 
possible,  to  permit  cross-fit  of  equipments.  Size  concerns  appear 
to  loom  in  the  following  order  of  priority:  first,  height;  second, 
length.  Width  is  not  mentioned  as  a  concern. 

•  The  next  most  severe  contention  centers  around  environmental  con¬ 
trol,  which  would  require  design  to  maximize  long-term  benefits  of 
current  and  future  techniques.  If  designed  and  implemented  care¬ 
fully,  an  environmental  standard  could  benefit  not  only  the  prime 
users  (such  as  the  F-16  and  F— 111)  but  also  those  who  would  achieve 
environmental  control  as  a  bonus.  While  good  environmental  design 
parameter-  certainly  do  not  lower  design  and  acquisition  costs, 
they  do  provide  lower  peak  operating  temperatures,  which,  in  turn, 
reduces  equipment  failure  rates.  This  servos  to  reduce  operating 
and  support  costs  directly. 

••  Convection  cooling  continues  to  serve  the  commercial  airlines 
needs  because  of  the  availability  of  pressurized  and  condi¬ 
tioned  cabin  air  and  the  acceptability  of  low-density  avionics 
packaging.  Military  aircraft  designs,  too,  have  continued  to 
use  convection  cooling  for  most  avionics  installations,  in 
spite  of  tile  performance  shortcomings  that  occur  under  some 
military  operating  conditions.  At  the  same  time,  escalating 
performance  requirements  have  forced  avionics  designers  to 
achieve  denser  component,  packaging,  pushing  the  state  of  the 
art  of  hjgh-t'mperature  electronic  components. 

*•  Alternative  techniques  for  removing  excess  heat  from  avionics 
components  have  been  ami  ly  demonstrated  in  mission-equipment 
installations  where  forced-air  cooling  is  not  sufficiently 
effective.  Advanced  environmental  studies  are  in  process  in 
industry  today;  if  th«  results  are  available  in  time,  they 
deserve  assessment  before  USAF  environmental  standardization 
features  are  settled  on. 

•  Vibration  standards  and  the  qualification  testing  relating  to  them 
need  to  be  reconsidered  in  conjunction  with  potential  shock  mount¬ 
ing  techniques.  Vibration  isolation  for  a  complete  avionics  box- 
rack  combination  presents  qualification-test  problems;  hard  mount¬ 
ing  is  preferable,  but  vibration  tost  conditions  appropriate  to 
specific  aircraft  and  box  locations  should  be  specified.  The 
current  method  of  generalizing  requirements  frequently  leads  to 
over-specifying  qualification  tests  and,  consequently,  the  equip¬ 
ment  itself.  Benefits  could  accrue  from  lower  costs  for  production 
and  qualification  testing. 


•  Quality  control  requirements  on  piece-parts  create  cost  escalation 
for  military  eauipments  that  is  not  necessarily  incurred  by  commer¬ 
cial  counterparts.  In  the  views  of  several  avionics  manufacturers, 
however,  the  higher  price  of  military  quality  control  does  not  buy 
better  quality.  Rather,  MTBF  guarantees  can  be  used  to  provide  a 
positive  incentive  for  a  contractor  to  achieve  proper  design  for 
good  performance.  RIW  also  gives  the  manufacturer  a  continuing 
opportunity  to  improve  equipment  performance  if  he  chooses  to  —  or 
needs  to  —  to  forestall  an  unacceptable  deterioration  in  performance. 

7.  PME  IMPLEMENTATION  PLAN 

An  avionics  standard  for  packaging,  mounting,  and  environmental  control 
must  be  applicable  to  a  wide  variety  of  equipments  and  aircraft  and  accept¬ 
able  to  the  user  and  logistics  communities.  It  must  be  managed  according 
to  a  concept  that  stimulates  and  facilitates  its  use,  primarily  in  new  air¬ 
craft  programs  but  also  in  major  avionics  modernization  programs.  Decisions 
must  be  made  concerning  the  "depth"  of  the  standardization  to  be  specified, 
the  form  factors  and  interface  parameters  that  are  to  be  preferred,  and  the 
classes  of  aircraft  to  be  involved.  We  conclude  that  the  following  specific 
matters  should  be  addressed: 

•  Programs  within  the  USAF,  in  other  military  services,  and  in  indus¬ 
try  will  contribute  to  the  formulation  of  basic  design  requirements. 
Study  and  planning  will  also  be  needed  to  provide  design  options 
and  data  from  which  one  or  more  "strawman"  PME  standards  can  be 
developed.  An  AEEC-like  open-forum  procedure,  involving  represent¬ 
atives  of  the  military  developer,  user,  and  logistics  agencies  and 
aircraft  and  avionics  manufacturers,  is  seen  as  the  most  effec¬ 
tive  way  to  produce  a  well  balanced  avionics  standard  and  obtain 
all-around  support  for  its  application. 

•  Some  of  the  aspects  of  PME  standardization  can  be  implemented  pro¬ 
gressively.  For  example,  a  common  power  standard  could  be  applied 

to  the  electric  power  supply  of  the  next  new  aircraft  program;  exist¬ 
ing  configurations  of  environmental  control  systems  could  be  upgraded 
to  meet  an  improved  cooling  standard.  Other  aspects  of  PME  stan¬ 
dardization  need  cautious  planning  so  that  they  do  not  conflict  with 
technology  growth  (e.g.,  in  aircraft  configuration,  environmental 
support  techniques,  and  avionics  component  and  device  integration) 
or  with  possible  subsequent  higher  levels  of  standardization. 

•  While  the  use  of  a  PME  standard  generates  its  own  advantages,  expand¬ 
ing  the  concept  from  one  of  form,  fit  (F  ),  and  environment  to  one  of 
form,  fit,  function  (F3),  and  environment  raises  the  likelihood  of 
future  functional  standardization,  which  has  been  widely  discussed 
but  only  occasionally  implemented  in  the  Air  Force.  The  benefits 
achieved  through  the  combination  of  box  and  functional  standardiza¬ 
tion  are  synergistic:  the  user  and  the  supplier  enjoy  continuing 
competition,  interchangeability,  maturity,  and  ease  of  modif ication , 
and  also  work  within  the  framework  of  a  well  established,  recognized, 
and  accepted  discipline  that  encourages  its  own  use. 
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PME  standardization  can  be  applied  to  any  class  of  avionics  as  a 
box  standard.  Function  standardization  should  probably  be  added 
only  for  common  and  mature  avionics  functions  —  mission  avionics 
should  be  considered,  at  best,  only  if  they  have  reached  an  equiv¬ 
alent  stage  of  maturity.  In  short,  F2  can  be  applied  to  most 
avionics;  F3  probably  should  be  limited  to  common  avionics  and 
perhaps  the  less  complex  mission  avionics  functions.  The  following 
is  a  possible  sequence  of  events: 

••  An  initial  "strawman"  PME  standard  could  address  box  size,  cool¬ 
ing  interface,  rack-mounting  arrangements,  and  connector  con¬ 
figuration;  it  should  be  adaptable  to  all  "avionics  bay"  LRU 
applications  . 

••  Individual  functional  standardization  planning  could  follow  for 
mature  avionics  subsystems:  this  would  lead  to  "strawman"  stan¬ 
dards  for  "form,  fit,  and  function"  specifications  applicable 
to  future  Air  Force  procurements  with  standardized  interwiring  . 

••  As  digital  data  bus  standardization  becomes  more  widespread, 
standard  interwiring  constraints  will  become  less  burdensome 
and  increasing  proportion  of  avionics  LRU  specifications 
could  well  be  upgraded  from  an  F2  content  to  an  F3  content. 

While  PME  standardization  techniques  are  appropriate  for  all  USAF 
aircraft,  the  idea  of  undertaking  an  entire  avionics-system  overhaul 
to  incorporate  new  avionics  standards  in  existing  aircraft  does  not 
appear  reasonable.  However,  when  entirely  new  avionics  suites  are 
being  considered  for  retrofit,  as  in  the  case  of  the  B-52,  F-4G,  etc., 
there  may  well  be  merit  to  a  wholesale  incorporation  of  the  new  stan¬ 
dards.  This  would  need  to  be  evaluated  on  an  aircraft-by-aircraft 
basis  after  basic  PME  acquisition  and  installation  cost  factors  have 
been  ascertained.  On  new  aircraft,  the  incorporation  of  a  PME  stan¬ 
dard  would  be  an  integral  part  of  the  design  process;  this  appears 
to  be  the  most  reasonable  place  to  initiate  the  concept. 


8.  RECOMMENDATIONS 

This  section  presents  our  recommendations  concerning  (1)  the  use  of 
commercial  avionics  by  the  USAF  and  (2)  the  development  and  implementation 
of  a  USAF  PME  standard.  They  are  based  on  the  results  of  the  investigation 
described  in  this  report. 

Commercial  airlines  standard  avionics,  existing  and  future,  have  valid 
applicability  to  USAF  aircraft.  We  make  the  following  recommendations  for 
pursuing  this  course: 

•  Procedural  restraints  and  maintenance  concepts  should  be  reevaluated 
and  restructured  to  encourage  the  use  of  these  equipments  wherever 
this  course  is  technically  and  economically  valid;  appropriate  revi¬ 
sions  should  be  made  to  MIL-Standard  directives. 

•  Standardized  approaches  to  solvinq  typical  integration  difficulties 
should  be  developed. 
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•  Volumetric  and  environmental  criteria  should  be  established  to  give 
general  guidance  on  the  applicability  to  high-performance  space- 
premium  aircraft. 

•  Ultimately,  each  aircraft  program  decision  should  be  the  result  of 
an  individual  trade-off  evaluation  of  its  common -avionics  needs, 
interfaces,  and  cost  constraints. 

•  While  pursuing  the  development  of  its  own  PME  standard,  the  USAF 
should  undertake  actions  to  foster  greater  commonality  in  avionics 
systems;  these  could  include  the  sponsorship  of  a  MIL-SPEC  for  the 
ARINC  600  low-insertion-f orce  connector  and  mutual  cooperation  in 
the  development  of  concepts  for  fiber  optics  data  busses  and  soft¬ 
ware  standards. 

The  following  specific  actions  are  recommended  for  establishing  the 
USAF  PME  standard: 

•  Official  USAF  projections  of  new  aircraft  construction  and  major 
retrofit  programs  should  be  reviewed  to  determine  the  total  market 
size  for  new  rack-mounted  avionics  in  the  1985  to  1995  period.  The 
avionics  should  be  categorized  by  type  oi  system  (radar  altimeter, 
INS,  etc.),  and  within  each  category  the  proportion  to  be  installed 
in  each  class  of  aircraft  should  be  determined.  This  process  will 
identify  the  10-year  equipment  universe  and  performance  drivers 
for  the  PME  standard  and  the  extent  to  which  retrofit  applications 
should  be  considered. 

•  An  overall  management  approach  for  the  implementation  and  enforce¬ 
ment  of  the  selected  standard  should  be  developed.  The  approach 
should  consider  the  following  particulars: 

••  The  roles  of  AFSC  and  AFLC  in  implementation  and  control 
••  The  extent  of  participation  by  industry 
••  Partial  versus  full-up  implementation  approaches 
••  Procurement  mechanisms 

•  The  initial  "strawman"  standards  for  consideration  by  the  USAF  and 
industry  technical  community  should  be  developed.  Following  the 
guidance  provided  by  the  PME  standardization  road  map,  two  parallel 
but  related  tasks  should  be  undertaken:  an  electrical  and  mechanical 
commonality  analysis  and  development  of  alternate  cooling  concepts. 

•  Candidate  avionics  for  each  candidate  aircraft  should  be  surveyed 
to  develop  a  baseline  of  potential  interface  parameters,  develop 
the  permissible  numerical  limits  of  each  parameter,  and  identify 
the  parameters  that  are  applicable  to  multiple  installations. 

•  The  result  of  ongoing  studies  of  cooling  techniques  conducted  by 
the  military  and  in  contractually  sponsored  efforts  (such  as  the 
Boeing  B-l  cooling  studies)  should  be  examined  for  application  to 
the  candidate  aircraft/avionics  groups. 
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Agenda,  issues,  and  procedures  should  be  established  for  the  open- 
forum  meetings  at  which  the  USAF  PME  standard  will  be  developed. 

A  PME  standing  committee  should  be  established,  with  regular  members 
from  AFSC,  AFLC,  and  the  using  commands,  to  oversee  the  implementa¬ 
tion  of  the  open-forum  process.  Participants  and  their  assigned 
functional  responsibilities  in  the  committee  should  be  defined. 

During  the  open-forum  meetings,  there  should  be  continuing  evalua¬ 
tions  of  the  cost/performance  impacts  of  the  changes  suggested  by 
the  participants.  The  exact  nature  of  the  trade-offs  are  difficult 
to  forecast,  but  it  is  likely  that  they  will  concern,  at  least,  the 
following  matters : 

••  Avionics  acquisition,  modification/integration,  and  support 
costs 

••  Avionics  repackaging,  redesign  of  aircraft  mounting  racks,  etc., 
and  environmental  control  systems 

••  Reliability  and  maintainability 

••  Mission  capabilities 
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CHAPTER  ONE 


INTRODUCTION 


This  report  concerns  the  standard  avionics  packaging,  mounting,  and 
cooling  (PMC)  concepts  used  by  the  United  States  commercial  airlines  and 
their  applicability  to  United  States  Air  Force  (USAF)  avionics.  The  study 
it  culminates  investigated  (1)  the  extent  to  which  avionics  subsystems 
built  to  commercial  form,  fit,  and  function  (F3)  standards  might  be  used 
in  USAF  aircraft;  (2)  aspects  of  equipment  packaging,  equipment  thermal 
performance,  aircraft  environmental  control,  and  aircraft  electromechanical 
interfaces  to  which  a  USAF  PME*  (packaging,  mounting,  and  environment)  stan¬ 
dard  might  be  applied  successfully;  and  (3)  the  cost-benefit  relationships 
associated  with  various  approaches  to  implementing  the  elements  of  a  USAF  PME 
standard.  Also,  a  plan  for  developing  and  applying  a  USAF  PME  standard  was 
completed  as  part  of  the  study. 

1 . 1  BACKGROUND 

The  United  States  commercial  airlines  long  have  used  a  concept  of 
building  avionics  subsystems  to  form,  fit,  and  fucntion  (F3)  standards 
known  to  the  industry  as  ARINC  Characteristics.  These  documents  specify 
operational  performance  characteristics  that  the  airlines  want  manufac¬ 
turers  to  adhere  to  in  the  design  and  manufacture  of  the  avionics  equip¬ 
ment  they  offer.  Electrical  inputs  and  outputs  (interfaces)  are  specified 
'in  detail  to  ensure  functional  interchangeability  of  the  equipments  to 
achieve  complete  standardization,  the  Characteristics  are  complemented  by 
a  second  type  of  standard  known  as  ARINC  Specifications.  These  specify 
equipment  dimensions,  mounting,  electrical  connections,  and  environmental 
aspects.  In  short,  the  ARINC  Characteristics  dictate  the  internal  elec¬ 
trical  parameters  that  must  be  achieved  through  functional  design  of 
circuitry  and  interwiring  with  other  subsystems,  whereas  the  ARINC  Speci¬ 
fication  dictate  the  external  physical  parameters,  including  mounting, 
cooling,  and  cabling. 


*The  term  "packaging,  mounting,  and  environment"  (PME)  is  used  interchange¬ 
ably  with  PMC  for  the  purposes  of  this  study.  Although  the  major  environ¬ 
mental  aspect  discussed  is  cooling,  vibration  and  shock  are  other  environ¬ 
mental  considerations.  The  term  PME  is  preferred  so  that  the  broader 
definition  is  applicable. 


Airframe  manufacturers  are  involved  in  this  standardization  process 
too,  because  they  must  build  their  avionics  bays  with  racking,  mounting, 
cablinq,  and  cooling  provisions  that  comply  with  ARINC  Specifications  and 
ensure  that  the  aircraft  wire  bundles  accommodate  avionics  interwiring  in 
accordance  with  the  ARINC  Characteristics. 

The  net  result  of  the  ARINC  Specif ications  and  Characteristics  is 
the  provision  of  specific  directions  on  mechanical,  electrical,  and  en¬ 
vironmental  interfaces  that  yield  standard  and  interchangeable  equipments. 

On  the  other  hand,  USAF  avionics  development  and  procurement  practices 
yield  equipments  whose  sizes,  shapes,  mounting  provisions,  connections, 
cabling,  environmental  aspects,  interfacing  details,  and  signal  charac¬ 
teristics  are  tailored  to  their  original  installations.  The  results  are 
non-standard  equipments  that  have  generally  standard  functions.  This 
situation  evolved  because  of  the  USAF's  need  to  apply  new  capabilities  and 
technology  in  short  time  frames  to  satisfy  constantly  escalating  performance 
requirements.  The  resultant  military  procurement  procedure  has  been  success¬ 
ful  but  at  the  expense  of  standardization. 

Recently,  however,  the  USAF  has  been  emphasizing  the  use  of  "standard" 
GFE  avionics  wherever  possible.  Well  known  examples  are  the  AN/ARN-127 
ILS,  the  AN/ARN-118  TACAN ,  and  the  AN/ARC-164  UHF  communications  system. 
Benefits  have  been  derived  from  this  policy  in  the  form  of  lower  acquisi¬ 
tion  cost  and  significantly  higher  MTBFs .  Table  1-1  shows  some  primary 
examples  of  standard  GFE  equipments  currently  in  use  or  planned  for  use  in 
new-generation  USAF  fighter/attack  aircraft  (F-15,  F-16,  A-10) ,  and  the 
older  F-4s  and  F-llls.  This  table  makes  the  point  that  the  USAF  has  ini¬ 
tiated  an  extensive  thrust  to  reduce  the  proliferation  of  non-standard 
equipments  even  in  the  difficult  environmental  and  space  constraints  of 
fighter  aircraft. 

In  the  same  vein,  many  of  the  equipments  shown  in  Table  1-1  currently 
are  used  or  will  be  used  in  less  environmentally  demanding  aircraft  types, 
such  as  bombers  and  cargo  aircraft.  Because  of  their  multiple-aircraft 
appl : cat  ions ,  these  equipments  have  truly  reduced  p^rol iteration  and  yielded 
impressive  economies. 

F.ven  before  this  new  generation  of  standard  GFE  equipment  was  devel¬ 
oped,  the  USAF  had  started  using  equipments  built  to  ARINC  Characteristics 
in  some  cargo-type  aircraft  similar  to  commercial  airliners.  By  these 
occasional  purchases,  the  USAF  buys  mature,  reliable  equipments  without 
the  expenditure;!  that  otherwise  would  be  needed  to  develop  a  suitable 
military  equipment.  This  level  of  standardization  does  provide  some  of 
the  benefits  that  the  airlines  enjoy  --  principally  lower  cost  and  mature 
design  --  but  the  additional  benefits  that  flow  from  standard  box  packag¬ 
ing,  mounting,  and  cooling  are  not  attainable  because  military  aircraft 
normally  are  not  built  in  compliance  with  ARINC  Specifications  and 
Characteristics. 

To  gain  all  the  benefits  of  standardized  avionics  and  aircraft  inte¬ 
gration,  the  USAF  would  need  to  allocate  substantial  resources  to  cover 
the  cost  of  initial  work  in  avionics  development  and  modification,  aircraft 
integration/environmental  control  systems,  and  implementation  of  the 
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standardization  program.  Naturally,  the  USAF  is  concerned  about  the 
potential  for  "payback"  of  these  expenditures  in  the  form  of  increased 
operating  effectiveness,  and  reduced  cost  to  manage,  install,  modify, 
operate,  and  maintain  the  avionics.  As  a  result  of  this  concern,  ASD/XRE 
selected  ARINC  Research  Corporation  to  perform  this  study  under  Air  Force 
Contract  F33657-79-C-0717 . 


1.2  STUDY  OBJECTIVES 

The  contract's  Statement  of  Work  identifies  the  following  subjects 
for  study: 

1.2.1  Task  1:  Potential  USAF  Use  of  Commercial  Avionics 


The  first  work  of  this  task  was  the  identification  of  generic  differ¬ 
ences  between  the  Military  Specifications  and  Standards  applicable  to  USAF 
avionics  procurement  and  the  ARINC  Characteristics  and  Specifications.  A 
corollary  of  this  work  was  the  identification  of  general  exemptions  to  the 
Military  Specifications  and  Standards  that  are  required  when  commercially 
developed  avionics  are  used. 

The  second  part  of  Task  1  was  a  review  of  specific  avionics  equipments, 
specifications,  or  functional  requirements  associated  with  several  USAF 
aircraft  types  to  determine  the  applicability  of  commercial  equipment  de¬ 
fined  by  the  ARINC  500  series  Characteristics  ("Current  Commercial  Avionics") 
and  the  ARINC  700  series  Characteristics  ("Future  Commercial  Avionics"). 

The  results  of  the  work  performed  under  Task  1  are  recorded  in  Chapter 
Two  of  this  report. 

1.2.2  Task  2:  Cost-Benefit  Relationships  Associated  with  the  USAF  Avionics 
PME  Standardization 


Task  2  started  with  the  development  of  a  systematic  methodology  for 
cost-benefit  analysis  for  such  factors  as  the  follov.-ing: 

•  Retrofit  versus  new  (future)  installations 

•  Smell  aircraft  versus  large  aircraft 

•  Life-cycle-cost  impacts 

•  Reliability/maintainability  impacts 

•  Impact  on  common  avionics  versus  mission-unique  avionics 

The  second  stage  of  task  2  was  the  development  of  preliminary  cost- 
benefit  figures  for  the  following  standardization  alternatives: 

•  Avionics  LRU  packaging  standard 

•  Avionics  rack/mounting/interface  standard 
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•  Avionics  environment  standard  in  aircraft 

•  Avionics  common  power  standard 

•  Combinations  of  the  above  (full  PME  standard) 

In  support  of  this  cost-benefit  analysis,  industry  opinion  was  soli¬ 
cited  on  the  potential  benefits  and  cost  implications  of  a  military  avionics 
PME  standard.  The  impact  of  new  avionics  cooling  technologies  on  PME 
standardization  alternatives  was  also  addressed.  The  results  of  these 
two  investigations  are  reported  in  Chapter  Three,  while  the  work,  on  cost- 
benefit  analysis  is  reported  in  Chapter  Four. 

1.2.3  Task  3:  Development  Plan  for  an  Avionics  PME  Standard 


On  the  basis  of  the  work  reported  in  Chapters  Two,  Three,  and  Four, 
a  likely  scenario  for  implementing  a  USAF  PME  standard  was  developed.  It 
suggests  that  the  effort  needed  to  develop  alternative  PME  standards  should 
be  scheduled  over  the  next  1-1/2  to  2  years,  and  the  task  descriptions  for 
each  work  package  carefully  defined.  The  scenario  is  presented  in  Chapter 
Five. 


A  plan  for  developing  a  USAF  avionics  PME  standard  by  use  of  a  "straw- 
man"  standard  and  using-command  and  industry  participation  in  open- forum 
discussions  is  presented  in  Chapter  Six. 

Conclusions  are  presented  in  Chapter  Seven;  recommendations  are 
presented  in  Chapter  Eight. 
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CHAPTER  TWO 


POTENTIAL  USAF  USE  OF  COMMERCIAL  AVIONICS 


Task  3.1  of  the  Statement  of  Work  concerns  the  study  of  current  and 
future  commercial  airline  avionics,  and  the  determination  of  their  poten¬ 
tial  applicability  and  cost-benefit  relationships  to  existing  and  planned 
USAF  aircraft.  ASD/XRE  provided  guidance  on  the  types  of  military  equip¬ 
ment  and  operational  aircraft  that  were  of  primary  interest  to  the  USAF 
and  that  should  be  used  to  evaluate  the  seven  classes  of  avionics  listed 
in  the  Statement  of  Work.  A  copy  of  this  guidance  is  included  as  Appendix 
A.  We  also  performed  an  additional  evaluation  of  a  VOR/ILS  so  as  to  in¬ 
clude  a  military  avionics  equipment  that  was  developed  to  have  USAF-wide 
application  to  many  types  of  aircraft.  The  following  avionics  equipments 
were  studied,  therefore 

•  HF  Radio 

•  Radar  altimeter 

•  Weather  radar 

•  Crash  recorder 

•  Ground  proximity  warning  system 

•  Air  data  computer 

•  Inertial  navigation  system 

•  VOR/ILS 

2.1  TECHNICAL  APPROACH 

To  evaluate  the  potential  use  of  commercial  airline  avionics  in  USAF 
aircraft,  we  had  to  address  the  generic  differences  in  civil  and  military 
procurement  procedures,  design  specifications,  and  qualification-test 
requirements,  as  well  as  the  differences  in  requirements  and  specifications 
for  the  designated  avionics  functions. 

The  USAF  (AFSC/ASD/EN)  provided  technical  comparisons  between  civil 
and  military  standards  and  information  on  MIL-Standards  changes  now  under 
consideration.  These  inputs  were  included  in  our  analysis  and  also  are 
reproduced  as  Appendix  B. 
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The  generic  differences  in  acquisition  methods  and  standards  are 
addressed  first  to  identify  major  obstacles  to  the  widespread  use  of  com¬ 
mercial  avionics  in  USAF  aircraft  and  to  list  the  exemptions  from  generic 
requirements  needed  if  they  are  to  be  used.  Then  each  of  the  designated 
commercial  avionics  equipment  specifications  is  compared  with  the  corre¬ 
sponding  Air  Force  specification  to  determine  the  extent  of  its  possible 
application  in  each  designated  aircraft.  Relative  costs  also  are  compared 
for  several  equipments  to  provide  a  basis  for  determining  potential  cost 
advantages  of  the  USAF's  use  of  commercial  avionics  equipments. 

2.2  OVERVIEW  OF  THE  COMMERCIAL  AVIONICS  ACQUISITION  PROCESS 

In  the  same  way  that  military  avionics  acquisition  procedures,  docu¬ 
mentation,  system  effectiveness,  and  safety  are  governed  by  the  application 
of  DoD  procurement  directives,  MIL-Standards ,  and  MIL-Specification  require¬ 
ments,  suppliers  of  avionics  equipment  to  the  airlines  are  governed  by 
commercial  contract,  Federal  regulatory  agencies,  and  airline  industry 
technical  standards  bodies  and  documentation.  All  of  these  are  illustrated 
in  Figure  2-1.  These  standards  and  how  they  are  developed,  approved,  and 
used  have  been  described  in  other  ARINC  Research  reports*.  A  recapitulation 
of  the  process  is  provided  here  along  with  such  aspects  as  the  specification 
and  characteristic  development  process,  the  airlines/FAA  certification 
process,  and  associated  business  methodologies,  in  order  to  introduce  the 
latest  changes  and  provide  background  material  for  the  reader  unfamiliar 
with  the  process.  The  process  is  then  compared  with  the  military  standards 
and  procurement  practices. 

2.2.1  Airline  Procurement 

The  high  cost  of  developing,  buying,  and  supporting  aircraft  elec¬ 
tronic  equipments  was  one  of  the  major  problems  faced  by  the  airlines  as 
they  were  growing  in  the  l‘)20s  and  1030s.  Each  of  the  airlines  was  striv¬ 
ing  to  provide  safe,  reliable,  and  on-time  services  to  its  customers,  which 
required  safe  and  reliable  electronic  systems  on  board  the  aircraft.  This 
meant  specifying  new  equipment  and  havinq  it  developed,  bought,  and  sup¬ 
ported  each  time  an  airline  recognized  a  need  for  improvement  or  change. 

While  this  process  frequently  generated  new  ideas  and  gave  impetus  to  the 
advancement  of  technology,  it  also  proved  to  be  time-consuming  and  expensive. 
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The  inevitable  growing  pains  associated  with  "getting  the  bugs  out"  of 
new  equipments  promoted  expensive  changes  and  increases  in  "downtime";  the 
equipment  became  obsolete  in  a  short  time,  too.  Also,  since  each  airline 
wanted  something  a  little  different  to  satisfy  its  own  operating  require¬ 
ments,  individual  airlines  ended  up  buying  small  numbers  of  unique  equip¬ 
ments.  This  process  created  a  relatively  non-competitive  marketplace, 
because  equipment  manufacturers  dedicated  specialized  equipment  and  serv¬ 
ices  to  single  customers. 

2.2.2  Commercial  Airlines  Standards 

The  airlines  recognized  these  problems.  In  193  ',  they  gave  the  job 
of  specification  development  and  equipment  buying  to  Aeronautical  Radio, 

Inc.  Over  the  next  few  years,  the  airlines  and  ARINC  worked  together  to 
evolve  an  avionics  acquisition  philosophy  that  is  simrle,  effective,  and 
still  in  use  today.  It  serves  the  needs  of  the  airlines  in  buying  econom¬ 
ical,  dependable  avionics.  The  strategy:  get  all  the  potential  users 
together  to  discuss  their  requirements  openly,  agree  on  a  single  common 
set  of  requirements,  and  then  buy  common  equiprn-  nt  to  servo  those 
requirements. 

The  central  clement  of  this  process  is  the  A  Ft  INC  characteristic, 

F  specification.  The  F'  specification  defines  equipment  interfaces  that 
will  make  it  compatible  with  essentially  all  airliners  in  rack  mounting, 
plug  and  pin  connections,  and  th<  fund  ion  it;  performs.  In  turn,  the 
equipment  becomes  virtually  interchangeable  between  airframes  regardless 
of  who  builds  it.  Basic  interfaces  defined  in  an  APIN'’’  Characteristic 
include  mechanical  (size,  shape,  mounting  devices,  and  similar  physical 
characteristics),  electrical  ( |  in  assignment'  ,  load  levels,  signal  struc¬ 
tures,  etc.),  and  environmental  h-odini,  dynamics  limits,  vil  ration,  shock, 
etc.).  The  sj  e-.-j  fixation  does  not  'ell  the  manufacturer  what  the  internal 
design  or  mechanization  of  the  equi| ro-  nt  must  be ,  tin  rel  y  giving  him  the 
flexil  1 1  tty  to  select  his  com|  onmits  as  feels  iieo-s  ary  to  improve 
per formano.  ,  co-t  ,  quality,  and  competi*  iv-s.-  .  .. 

Tht  APIN''  'h.ir.icti  r  l:  tic  is  d-  v-  ■  b>;  .  d  .  •:  .  \.  -  for  un  ms.  ting-  .-bartered 

by  tlit  A. rime:  Fb  -troiiie  Mi  ;.j  i  n.  •.  ■  r  i  :.q  '•  nr  1 1  t  •  •  t  AF!  • ')  and  chaired  by 

Aeronaut  i -a  1  Radio.  T'n*  meetings  are  att.  tided  :  airliner  re;  r  •  sent  at  i  ves 

( member "  of  'lie  AiiX’i  ano  r* -present  a  *  t  :  <  e  *:  ■  -  !>■  to  ni  s  ami  airframe 

manufact  ur-  rs.  Toget  h--r,  the  airlines  and  manufi  lur.r  •  discuss  requirement 
and  |  otent  ial  solutions  over  the  course  of  v<  nil  me-  t  inis  until  the  most 
effective.,  common  way  to  meet  tie  .sic  of  t  air]  hi.  s  ••volv-s.  As  shown 
in  Figure  this  is  accomplished  by  taking  a  draft  --  :  t  r.iv.nin  --  speci- 

ficat  ion  and  u  ini)  it  as  the  basis  for  li  -g  ion,  r.  vm  wing  it  and  up-dating 

it  as  ti.e  meetings  proceed  and  as  cm.  fliet  ar-  r*-sc  lv»  d.  This  ;  rocess 
typically  takes  about  one  year,  but  it  can  vary  l-otw-'-n  six  months  and  two 
years,  depending  upon  the  complex  it  •  of  tie  it  nation.  Whi 1 <  this  seems  a 
long  tim",  it  does  permit,  vendors  to  -1-  v-  1  ■  q.  tie  i  r  ;  roduct  lines  concur¬ 
rently  with  the  specification  dev-  bom-nt  .  A  a  r-  .  ilt  ,  .  qu  i  pm< -nt  •  roto- 
types  are  generally  available  diortly  at*-  i  t. :  :•  r.<  w  ■  'hara-  t  -  r  i  :  t  it:  is 

api  rov-  -<i . 
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In  conjunction  with  the  ARINC  Characteristic,  the  airlines  encourage 
vendor  responsibility  by  buying  equipment  warranties  with  the  equipment. 

A  warranty  is  generally  defined  as  an  agreement  between  the  parties  to 
extend  the  vendor's  responsibility  to  include  maintaining  his  equipment 
in  the  field  to  a  predetermined  level  of  operational  perfonnance  for  a 
given  period  of  time.  Since  warranties  are  bought  on  a  fixed-price 
basis,  they  provide  incentive  for  the  vendor  to  reduce  the  number  of 
maintenance  actions  he  must  perform  as  well  as  the  cost  of  each  repair 
he  makes.  Since  lower  repair  cost  means  more  profit  for  him,  he  will 
strive  to  make  his  equipment  more  reliable  (fewer  repairs)  and  more  main¬ 
tainable  (lower  cost  for  each  repair) .  As  a  result,  warranties  can  have 
the  beneficial  effect  of  improving  equipment  reliability  and  maintain¬ 
ability,  which  reduces  operations  and  support  cost  to  the  user.  They  can 
also  improve  the  vendor's  equipment,  making  it  more  competitive  for  subse¬ 
quent  sales,  and  reducing  the  acquisition  costs  in  the  long  run. 

An  airline's  avionics  purchase,  made  directly  from  the  avionics  sup¬ 
plier  (or  made  indirectly  as  part  of  a  complete  airframe  purchase) , 
requires  compliance  with  all  regulatory  standards,  so  that  the  FAA  opera¬ 
tor's  certificate  and  the  aircraft  civil  certification  is  not  compromised. 
These  standards  are  defined  by  an  FAA  Technical  Standard  Order  (TSO)  for 
each  avionics  functional  system.  An  application  for  a  TSO  authorization 
has  to  be  made  by  each  avionics  manufacturer  for  each  model  of  equipment 
offered,  in  accordance  with  the  Federal  Aviation  Regulations  (FARs)  Part 
37.  To  conform  with  the  FAA's  TSO,  the  equipment  design  must  have  been 
shown  to  provide  at  least  the  minimum  standard  of  performance  defined 
therein  (such  as  in  TSO-C87 :  Airborne  Low  Range  Radio  Altimeter)  or 
defined  by  reference  to  the  applicable  RTCA  Minimum  Performance  Standard 
(such  as  DO-164  -  Airborne  Omega  Receiving  Equipment,  for  TSO-C04). 
Environmental  testing  requirements  are  similarly  defined  in  the  TSO  or 
in  RTCA  DO- 160.  Details  of  the  manufacturer's  quality-control  system 
(including  subcontractor/parts  supplier  quality  assurance)  must  be  sub¬ 
mitted,  if  not  already  on  file  witli  the  FAA.  TSO-author i zed  manufacturers 
must  maintain  data  files  or.  all  equipments,  must  report  failures,  mal¬ 
functions,  and  defects  that  impact  safety,  and  must  allow  FAA  inspection 
of  data  files,  manufacturing  facilities,  quality-control  procedures,  and 
the  manufactured  article. 

The  categories  of  environmental  testing  that  nr-  required  to  be  met 
depend  on  the  host  aircraft  type(s).  These  data,  and  details  of  the  air¬ 
craft  system  interface,  must  lie  determined  from  the  relevant  aircraft 
manufacturer (s) . 

The  airline’s  avionics  purchase  order  '.-.■ill  usually  also  require  adher¬ 
ence  to  the  avionics  system  conf  i  gurat  ion  -s-t  out  in  the  AMEC  < •  ju i  ( mont 
Characteristics,  such  as  ah  INC  character  i  st  it-  >r>26  -  Radio  Altimeter. 

These  documents  are  in  conformance-  with  ART  NT  St  •  o ;  f  i  •  -at  ions  4i>4A  (Racking), 
406A  (Standard  Interwiring),  and  4 lb'  (Digital  Data  Format),  which  define 
the  aircraft/avionics  interface  d<  i  i  r*  •••!  by  t  he  mau-rity  of  airlines.  As 
discussed  above  and  shown  in  Figure  J-7,  th.  ARID'  :  'hararter i st l c  is  a 


result  of  coordination  among  the  airlines  industry,  the  avionics  industry, 
and  the  principal  commercial  transport  aircraft  manufacturers;  however, 
the  negotiated  contract  will  define  any  specific  options  or  exceptions 
required  by  the  purchasing  airline. 

Finally,  data  detailing  installation,  testing,  and  support  procedures 
will  be  required  to  be  p>rovided  by  the  avionics  supplier  in  conformance 
with  the  operation  and  maintenance  manual  format  laid  down  by  the  Air 
Transport  Association  of  America  (Specification  for  Manufacturer's  Techni¬ 
cal  Data,  ATA-100) .  This  manual  is  written  so  that  it  lends  itself  to 
training  purposes,  explaining  the  component's  functional  characteristics 
where  these  arc  critical  and/or  limiting  --  and  why  --  and  pointing  out 
any  self-test  or  <.  ondition-monitoring  feature-:;  built  into  the  component, 
and  their  capabilities.  Detailed  step-by-stoi  procedures  for  bench/shop 
testing,  adjusting,  and  troubleshooting  the  entire  component  are  provided. 
These  procedures  are  arranged  in  such  a  manner  that  they  progressively 
isolate  and  identify  each  assembly,  subassembly,  or  part(s),  and  then 
verify  the  integrity  of  the  component  after  corrective  action  has  been 
taken.  They  incLudo  visual  checks,  tests,  and  refer  to  applicable  disas¬ 
sembly  procedures.  Testing  is  keyed  to  isolating  possible  troubles  and 
indicating  repairs  to  parts  such  as  circuit  boards,  modules,  etc.  As 
faults  are  identified,  remedial  actions  such  as  adjustments  or  parts 
replacement  are  given. 

Equipment  can  be  purchased  "in  compliance  with"  any  applicable  ARINC 
Characteristic  even  though  it  may  contain  features  not  required  by  that 
Characteristic.  This  can  be  done  as  long  as  the  desired  features  are  not 
prohibited  by  the  Characteristic  or  do  not  require,  changes  in  the  F3 
requirements.  Airlines  also  negotiate-  maintenance  agreements,  old  equip¬ 
ment  trade-in  allowances,  and  other  considerations  of  value,  to  reduce 
the  effective  price  significantly  below  the  published  price.  The  agree¬ 
ments  are  considered  highly  proprietary  by  both  buyer  and  seller  and  are 
never  disclosed.  Because  of  this  facet,  airlines  cost  data  that  would  be 
needed  to  perform  conclusive  cost-benefit  analysis  in  this  area  are  not 
available . 

Table  2-1  summarizes  the  functional  correspondence  between  military 
and  civil  standards. 

As  is  the  case  with  their  military  counterparts,  civil  standards  are 
updated,  amended,  or  superseded  from  time  to  time  to  take  account  of  newly 
evolving  operational  requirements  and  technological  capabilities  and  to 
correct  observed  deficiencies. 

At  the  present  time,  the  ARINC  Specif icat  ions  and  Characteristics  arc- 
undergoing  major  changes  by  virtue-  of  the  addition  of  ARINC  Specification 
600  (Avionics  Racking/Int^-rface/Cool  inq)  and  t  he  ARINC  700  series  of 
avionics  systems  and  equipment  Characteristics? .  Newly  developed  commer¬ 
cial  airlines  digital  avionics  equipment  lias  been  designed  in  response  to 
this  Specification  and  is  being  produced  for  the  commercial  market.  It  is, 
therefore,  particularly  timely  to  evaluate  the  degree  of  applicability  of 
such  a  specification  to  USAF  aircraft  vs terns. 


Table  2-1.  FUNCTIONAL  CORRESPONDENCE  BETWEEN  MILITARY  AND 
CIVIL  STANDARDS 

Standard 

Military 

Specifications 

Civil 

Requirements 

Electrical  Bonding, 
Lightning  Protector 

MIL-B-5087 

FAA,  FAR  25.581 

General  Avionics 

MIL-STD-454 

- 

Specification 

MIL-E-5400 

- 

Communications  Standard 

MIL-STD-188 

ICAO  Annex  10 

FCC  regulations 

Electromagnetic 

MIL-STD-461 

FAA  TSOs  or 

Interference 

MIL-STD-462 

RTCA  DO- 160 

Digital  Data  Format/Bus 

MIL-STD-1553 

ARINC-429 

ARINC-45  3 

Environmental  Testing 

MIL-STD-810 

FAA  TSOs  or 

RTCA  DO- 160 

Aircraft  Electric  Power 

Mil -STD- 704 

FAA  TSOs  or 

RTCA  DO- 160, 

ARINC  413A 

Form,  Fit,  and  Function 

ARINC  404A 

ARINC  600 

Standard  Interwiring 

ARINC  406 
(Basic,  updated 
by  bulletin) 

Maintainability/ 

Documentation 

MI L-STD-4  31 

ATA,  ATA-100 

ARINC  Specifications  define  general  system  interfaces  and  ARINC 
Characteristics  define  specific  functional,  operational,  and  performance 
requirements.  The  key  specification  that  has  been  in  use  since  1956  is 
ARINC  Specification  404 --  Air  Transport  Equipment  Boxes  and  Racking  (ATR) . 
Avionics  equipments  defined  by  current  ARINC  Characteristics  (the  "500 
series")  comply  with  ARINC  404A  and  provide  a  high  degree  of  interchange- 
ability  between  like  units  supplied  by  different  avionics  manufacturers. 

Following  its  New  Installations  Concept  (NIC)  Subcommittee  activities, 
the  AEEC  has  implemented  ARINC  Spec i f icat ion  600  to  define  the  airlines’ 
requirements  for  avionics  equipment  interfaces  in  new  generation  transport 
aircraft  (1080  and  onward)  and  optional  retrofits.  Avionics  equipments 
conforming  to  ARINC  Specification  600  are  defined  by  ARINC  Characteristics 
in  the  "700  series".  The  ARINC  700  series  Characteristics  also  standardize 
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data  input  and  output  to  the  digital  formats  of  ARINC  Specification  429, 
Digital  Information  Transfer  System  (DITS)  and,  where  appropriate,  to 
ARINC  Specification  453,  Very  High  Speed  Data  Bus. 


The  principal  advance-  of  ARINC  Specification  600  over  ARINC  Specifica¬ 
tion  404A  is  in  ensuring  the  availability  of  improved  cooling  by  limiting 
the  avionics  thermal  dissipation  according  to  the  LRU  case  size,  a.:d  by 
requiring  adequate  quantities  of  clean  cooling  air  to  be  furnished  to  it. 
Other  changes  redefine  the  allowed  avionics  case  sizes  in  terms  of  modular 
concept  units  (MCUs)  from  1  MCU  to  12  MCUs  in  width  (8  MCUs  is  equivalent 
to  1  ATR  short  box  size;  the  ATR  long  box  size  is  not  allowed),  and  intro¬ 
duce  a  new  style  "low  insertion  force"  rear  connector  and  revised  box 
hold-down  arrangements. 

Current  USAF  aircraft  are  more  compatible-  with  the  ARINC  404A  avionics 
integration  standards  and  ARINC  500  series  equipments.  Many  such  installa¬ 
tions  have  been  made,  usually  in  conjunction  with  a  military  procurement 
of  a  civil-certificated  aircraft,  but  also  for  needed  avionics  moderniza¬ 
tion  (replacing  obsolescent  MIL-SPKC  equipment) . 

2.3  COMPARISON  OF  MILITARY  AND  A I  KLI.’.'KS  STANDARDS 

Because  of  their  different  origins  and  objectives,  there  is  consider¬ 
able  divergence  between  the  military  standards  and  specifications  that 
govern  USAF  avionics  procurement ,  and  those  that  serve  a  parallel  function 
for  civil  aviation  --  FAA,  l-'TCA,  ICAO  performance  standards  and  commercial 
airline  (ARINC)  form,  fit,  and  function  (F  1  characteristics.  During  this 
study,  we  reviewed  a  large  number  of  both  military  and  commercial  specifica¬ 
tions  and  standards  in  attempting  to  determine  some  of  the  major  differences 
between  them  in  both  purpose  and  use.  The  following  discussion  documents 
our  findings  in  this  regard. 

In  seeking  to  limit  the  proliferation  of  unique  aircraft/avionics/ 
environmental  system  requirements  and  extend  Air  Force  use  of  commercially 
available  avionics  equipment,  there  is  concern  that  many  of  the  safeguards 
that  have  been  built  into  the  MI L-STD/MT L-Sl’Id ’  procurement  system  could  be 
circumvented.  This  concern  is  particularly  applicable  to  equipment  that 
is  to  be  used  in  conbat-misuion-oriontod  aircraft.  Any  i’ME  standard 
developed  by  the  Air  Force  will  need  to  address  these  concerns  fully,  and 
allow  for  the  safeguards  felt  necessary  by  the  military  over  and  above  the 
normal  flight  safety  hazards  that  are  addressed  equally  by  both  military 
and  ci vi 1/commorcia 1  regulation. 

The  most  obvious  difference  between  military  and  commercial  standards 
is  that,  except  for  a  very  few  r  specificvit  inns  recently  issued  by  the 
Air  Force,  military  standards  also,  prnvi d<  extensive  how- to-build-it  guid¬ 
ance.  This  guidance  (from  MTL-K-VT'O  and  the  many  MI  I, -standards  and  speci¬ 
fications  referenced  therein)  cover:.  ,;ole<-t  ion  of  piece  parts,  qualified 
vendor  tests,  mat  rial  specification:.,  workmans,  hi ;  specifications,  safety- 
engineering  plans,  human-engineering  ;  Ians,  etc.  The  airlines  depend 


instead  on  their  knowledge  of  suppliers'  products  to  achieve  the  level  of 
quality  that  they  require  and  to  maximize  the  cost-effectiveness  of  the 
avionics  equipment  they  purchase.  This  difference  in  procurement  philos¬ 
ophy  would  require  a  substantial  change  by  military  buyers  in  the  specifi¬ 
cations  they  reference  in  governing  procurement  documents.  In  addition, 
some  changes  from  typical  maintenance  and  logistic  practices  could  be 
required,  unless  a  given  equipment  is  procured  only  from  a  single  source. 
However,  this  would  eliminate  the  competition  between  suppliers  and  the 
leverage  provided  by  that  competition  to  control  price  and  quality. 

Other  differences  between  military  and  airlines  standards  are  outgrowths 
of  the  need  for  military  standards  to  apply  to  a  broad  spectrum  of  aircraft 
types  and  missions,  while  airlines  standards  apply  only  to  transport  aircraft 
used  for  passenger  service.  In  general,  commercial  equipment  provides 
satisfactory  service  for  large  military  transport  aircraft  when  used  in 
complete  suites  and  not  intermingled  with  military  comnon/corc  equipment. 
Airlines  avionics  equipment  is  much  less  applicable  to  military  high-performance 
aircraft  because  of  differences  in  missions,  environmental  factors,  aircraft 
operating  parameters,  and  the  space  available  for  avionics  equipment.  There 
are  circumstances,  however ,  where  commercial  avionics  may  be  directly  appli¬ 
cable  to  high-performance  aircraft.  For  example,  the  YF-16  prototype  flew 
with  a  modified  (three-channel)  commercial  inertial  navigation  system  (INS) 
be  fere  the  mission  avionics  suite  was  selected.  It  reportedly  performed 
in  an  outstanding  manner  and  demonstrated  very  high  reliability;  unfortunately, 
space  criticality  required  a  smaller  unit  for  mission  purposes.  Based  on 
this  performance,  the  USAF  initiated  a  program  to  develop  first  an  F3  speci¬ 
fication  and  then  the  resulting  hardware  for  a  standard  medium-accuracy  INS 
that  could  fit  and  perform  equally  well  in  any  USAF  aircraft  requiring  a 
medium-accuracy  INS  capability.  This  F '  INS  is  currently  undergoing  procure¬ 
ment  for  the  A-10  aircraft. 

As  a  result  of  our  review  of  military  and  commercial  specifications 
and  standards  in  conjunction  with  ASD  personnel,  wo  developed  both  generic 
classes  of  differences  and  specific  waiver  exemptions  we  feel  would  be 
applicable  to  use  of  purely  commercial  standards  for  military  application. 

Table  2-2  summarizes  the  types  of  general  differences  that  exist  between 
military  and  airline  general  guidance  structures.  The  following  are  the 
major  exemptions  from  military  generic  standards  required  when  of f-the-shelf 
airline  avionics  equipments  are  to  bo  used: 

(1)  Permit  use  of  nonstandard  ]  ioce  parts  and  changing  of  piece  parts 
as  desired  by  the*  manuf.ictur  r 

(2)  Waive  requirement  for  Ml  I,- STD  manufacturing  drawings  and  process 
speci f ications 

(3)  If  nuclear  and  EMP  hardening  is  required,  test  specific  equipment 
design  to  determine  ability  to  withstand  the  necessary  stress 

(4)  Waive  requirements  for  fault  isolation  by  BITF.  below  LRU  level 

('.>)  Waive  requirement  for  inherent  MII.-NTb-  l‘»r>  3  compatibility 
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ARK  AS  OF  DIFFERENCES  BETWEEN  MILITARY  AND  AIR¬ 
LINES  STANDARDS  AND  PROCUREMENT  PRACTICES 


Classifications 

Remarks 

Physical  and  Performance 

These  problems  elicit  go/no-go 

Constraints 

decisions.  Airlines  equipments 
may  be  too  big  for  space- 

Size/Form  Factor 

premium  aircraft,  may  not 

Shock/Acceleration/ 

withstand  the  physical  environ- 

Vibration 

ment,  and  may  not  provide 

Performance 

desired  performance 
characteristics . 

Electrical  and  Mechanical 

These  problems  arise  from  the 

Interface 

differences  between  airlines 
and  military  design  practices. 

Type  and  location  of 

Airlines  equipments  are  usable 

connectors 

with  waivers  and  interface 

Cooling  air  requirements 

Data  bus  format 

Data  bus  protocol 

BIT  philosophy 

modifications . 

Procurement  Documentation 

These  problems  indicate  a  need 

Method 

to  change  procurement  and 
maintenance  methods  and  poli- 

F3  versus  end- item 

cios.  Differences  do  not 

specification 

change  the  functional  adequacy 

Use  of  MIL  STD  piece 
parts 

Organic  Maintenance  versus 
Warranty,  etc. 

of  airlines  equipments. 

(6)  Limit  temperature  requirements  to  Class  WX)  or  Class  2(X)  (from 
MIL- E- 5400 R)  and  provide;  for  cooling-air  according  to  ARINC  404A 
(for  ARINC  500  series  equipment)  or  ARINC  LOO  (for  ARINC  700 
series  equipment)  if  this  is  required  by  the  specific  airline- 
type  equipment  to  withstand  full  military  ambient  tern;  icrature 
range 

(7)  Permit  us-  of  r> .ar-mounted  blind-mating  connectors 

(8)  Determine  by  test  the  ability  of  airline  equipments  to  withstand 
vibration  level:.;  as  measured  in  the  aircraft  at  the  specific 
location  where  they  are  to  be  used;  us.  vibration  isolation 
mounts  a;;  required  for  locations  close  to  sources  of  high-level 
vibrat ion 
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(9)  Assess  the  adequacy  of  civil  aviation  electromagnetic  inter¬ 
ference  (EMI)  standards  against  the  actual  characteristics  of 
mission  avionics  on  each  aircraft  considered  as  a  candidate 
for  commercial  avionics  and  waive  (or  do  not  reference  in 
procurement  documents)  those  EMI  specifications  that  are  not 
essential  to  satisfactory  performance 

2.4  APPLICABILITY  OF  DESIGNATED  COMMERCIAL  AVIONICS  EQUIPMENT 

This  section  discusses  in  detail  the  applicability  of  existing  com¬ 
mercial  avionics  (ARINC  500  series  Characteristics)  and  future  commercial 
avionics  (ARINC  700  series  Characteristics)  to  USAF  use.  This  section 
shows  that : 

•  Existing  commercial  avionics  are  broadly  applicable  for  use  in 
large  military  transport  aircraft,  requiring  only  relatively 
simple  racking  and  interface  changes  even  in  aircraft 

not  originally  designed  for  commercial  avionics. 

•  Existing  commercial  avionics  can  be  used  in  bombers  and  other 
penetration  aircraft  if  racking  and  interface  modifications  are 
made  in  the  aircraft  and  if  the  aircraft  and/or  avionics  are  modi¬ 
fied  to  provide  required  interfaces  with  mission  equipment  to 
prevent  EMI  and  to  provide  for  EMP  and  nuclear  hardening. 

•  Existing  commercial  avionics  will  not  generally  be  applicable  to 
high-performance  aircraft,  although  in  some  cases  available  space 
may  permit  installation  of  selected  avionics  and  necessary 
interfaces . 

•  Future  commercial  avionics  will  require  similar  adaptive  work. 

In  addition,  because  they  accept  only  digital  inputs  and  provide 
only  digital  outputs  (both  to  the  ARINC  429  format) ,  they  will 
also  require  additional  interface  equipment  to  make  them  compatible 
with  existing  analog  inputs  and/or  with  the  MIL-STD-1553  data  bus. 

Table  2-3  lists  our  findings  on  the  degree  of  utility  of  ARINC  500-series 
equipments  in  military  aircraft. 

2.4.1  Applicability  of  Commercial  Radar  Altimeters 

ASD/XRE  has  requested  that  the  considerable  data  gathered  by  ARINC 
Research,  under  contract  to  Warner  Robins  Logistic  Center,  in  developing 
the  specification  for  the  low  altitude  radar  altimeter  (LARA)  and  high 
altitude  radar  altimeter  (HARA)  be  used  to  evaluate  the  utilization  of 
ARINC  552A  or  ARINC  707  radar  altimeters  in  the  H-3,  C-130,  F-4C/D/E, 
F/FB-111,  H-53,  C-130E/H,  A-7D,  and  C-141A  aircraft  to  replace  altimeters 
such  as  the  APN-150,  APN-155,  APN-167,  and  APN-171.  As  a  result  of  the 
availability  of  these  data,  altimeters  are  discussed  at  a  level  of  detail 
beyond  that  possible  for  other  classes  of  avionics.  The  results  of  our 
detailed  comparison  between  the  LARA  specification  requirements  are  given 
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Table  2 

-3.  DEGREE  OF  UTILITY  OF  ARINC  500-SERIES 
EQUIPMENTS  IN  MILITARY  AIRCRAFT 

ARINC  559A 

ARINC  552A 

ARINC  564 

ARINC  573 

ARINC 

ARINC  565 

ARINC 

Aircraft 

HF 

Radar 

Weather 

Crash 

594 

Air  Data 

561-11 

Type 

Radio 

Altimeter 

Radar 

Recorder 

GPWS 

Computer 

INS 

A-7D 

0* 

2,5,6 

0 

0 

0 

7 

0 

A- 10 

2, 4, 5, 6, 9 

8 

8 

8 

8 

8 

8 

FB-111 

2, 4, 5, 6 

2,5,6 

0 

8 

8 

7 

0 

B-52 

2,4, 5,6 

0 

0 

8 

0 

8 

8 

C-5 

2,4, 5,6 

2,5,6 

5 

7 

1 

1 

1 

C-9 

0 

0 

0 

1 

0 

0 

0 

C-130 

2,4, 5,6 

5,6 

5,6 

0 

8 

8 

9 

C-130E/H 

2, 4, 5, 6 

5,6 

5,6 

0 

0 

0 

8 

C- 141 

2, 4, 5, 6 

2,5,6 

5 

1 

1 

2,5 

1 

E-3A 

7 

1 

5 

7 

8 

1 

1 

E-4 

0 

0 

0 

1 

0 

1 

0 

KC-10 

0 

0 

5 

0 

0 

1 

0 

KC- 135 

2,4, 5,6 

2,5,6 

0 

0 

0 

8 

1 

T-43 

0 

0 

0 

0 

1 

0 

0 

VC-137 

0 

o 

0 

1 

0 

0 

0 

VC- 140 

0 

0 

0 

0 

1 

0 

0 

F-4 

8 

2,5,6 

8 

8 

8 

7 

2,6 

F- 16 

8 

8 

0 

8 

0 

7 

6 

F-lll 

2,4, 5,6 

2,5,6 

8 

8 

8 

7 

2,6 

H-3 

0 

3,4, 5,6 

0 

8 

0 

7 

8 

HH-5  3 

0 

2,5,6 

0 

0 

0 

7 

8 

*Code : 

0  -  This  subsystem  not  addressed. 

1  -  Commercial  unit  now  installed. 

2  -  Physical/interface  changes  in  avionics 

3  -  Group  "A"  changes  required. 

4  -  ECS  changes  required. 

5  -  Features  required  beyond  normal  airlini. 

required . 

use  but  within  ARINC  functional 

standard. 

6  -  Group  "A"  changes 

beyond  those  required 

for  anticipated  MIL  replacement. 

7  -  Not  usable. 

8  -  Not  currently  installed. 

9  -  Not  currently  installed  but  space  reserved. 

NOTE:  Airline  avionics  functions  not  listed  are  as  follows: 

•  RNAV:  VOR/Marker  and  LOC/G1 ides lope ;  Military  uses  LOC/Marker/ 

Glideslope;  AN/ARN-127  is  becoming 

the  de  facto  standard. 

•  DME :  Military  uses  the  full  TACAN 

format;  AN/ARN-118  is  becoming 

1  the  de  facto 

standard . 

| 
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in  Appendix  D,  with  direct  reference  to  those  LARA  specification  paragraphs 
to  which  ARINC  552A  and/or  ARINC  707  radio  altimeters  would  not  conform. 
Since  the  ARINC  552A  and  707  altimeters  are  low-altitude  instruments  (air¬ 
lines  use  radar  altimeters  only  for  final  approach  and  landing) ,  only  the 
LARA  comparison  is  applicable.  Consequently,  the  feasibility  of  using 
either  the  ARINC  552A  altimeter  or  the  ARINC  707  altimeter  is  measured  by 
its  ability  to  meet  the  requirements  of  the  LARA  specification.  However, 
the  LARA  specification  requirements  have  been  chosen  to  permit  its  use  in 
all  of  the  listed  aircraft.  Consequently,  ARINC  altimeters  may  be  accept¬ 
able  for  use  (instead  of  the  LARA)  in  some  of  the  listed  aircraft,  even 
though  they  could  not  be  accepted  for  all.  ARINC  Characteristics  permit 
substantial  variations  in  equipment  capabilities  so  long  as  stated  minimum 
standards  are  met  and  the  physical  and  electrical  interfaces  between  the 
equipment  and  the  aircraft  are  not  affected.  Consequently,  special  con¬ 
figurations  that  more  closely  approach  the  LARA  specification  requirements 
could  be  procured  by  the  Air  Force  and  still  be  in  compliance  with  ARINC 
552A  (or  707) . 

The  numerous  differences  between  ARINC  552A  and/or  707-1  and  the  LARA 
specification  show  clearly  that  the  LARA  could  not  be  replaced  by  an  equi¬ 
valent  commercially  available  equipment  unless  some  current  requirements 
were  traded  off.  That  is  not  to  say  that  an  ARINC  552A  altimeter  could 
not  replace  the  existing  radar  altimeter  in  many  of  the  current  aircraft 
if  the  variation  in  physical  size  can  be  accommodated.  Modifying  an  ARINC 
552A  R/T  and  providing  a  different  indicator  to  permit  operation  to  5,000 
feet  would  satisfy  functional  requirements  of  most  of  the  aircraft  types, 
and  this  is  assumed  in  the  determination  of  the  applicability  of  ARINC  552A 
altimeters  to  specific  aircraft  types. 

Table  2-4  summarizes  the  applicability  of  ARINC  552A  radio  altimeters 
to  current  USAF  aircraft  of  interest,  giving  tiic  currently  installed  radar 
altimeter  nomenclature  and  describing  briefly  the  changes  in  the  avionics/ 
aircraft  interface  that  would  be  needed  for  a  commercial  unit  to  be  used. 
The  ARINC  707-1  altimeter  would  bo  similarly  effective  in  future  aircraft 
integration  efforts  where  its  all-digital  signal  format  is  appropriate . 

2.4.2  Applicability  of  Commercial  HF  Radios 


ASD/XRE  suggested  that  the  study  examine  th-'  possible  utilization  of 
the  ARINC  559A  or  ARINC  719  HF  radio  in  the  B-52,  KC-135,  C-5,  F-lll,  and 
FB-111.  This  radio  would  replace  radios  such  as  the  ARC-65,  ARC-58,  AT-440, 
ARC-123,  and  618T.  It  was  suggested  that  the  study  examine  the  ARC-XXX 
radio  characteristics  as  defined  by  WR-ALC/MMIM.  Military  requirements 
that  affect  utilization  of  a  commercial  HF  radio  should  be  identified. 

Thus,  if  the  ARC-XXX  is  intended  to  become  a  standard  USAF  HF  radio  to  be 
used  to  replace  the  listed  HF  radios  in  the  listed  aircraft,  the  feasibility 
of  substituting  the  ARINC  559A  or  ARINC  719  HF  radios  for  the  ARC-XXX  for 
the  aircraft  update  modification  should  be  assessed. 
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Table  2-4.  APPLICABILITY  OF  COMMERCIAL  RADAR  ALTIMETER 


Aircraft  Type 

Current  Radar 

Altimeter 

Changes  Needed  for  Use  of 
ARINC  552A  Unit 

CH/HH-3-E 

AN/APN-150 

Larger  space  (vice  AN/APN-150) 
New  A-kJt,  rack,  and  connector 
Cooling  air 

C-130  A/B/E 

AN/APN-22 

Larger  space  (vice  AN/APN-150) 

C-130  E/H/P/N 

AN/APN-150 

AN/APN-171 

New  A-kit,  rack,  and  connector 
Cooling  air 

F-4  C/D/E 

AN/ARN-155 

Larger  space 

New  A-kit,  rack,  and  connector 
Cooling  air 

Scale  factor  on  analog  rate 
output 

F/FB-111 

AN/APN-167 

Slightly  larger  space 

New  A-kit,  rack,  and  connector 
Scale  factor 

Track/no-track  signal 

HH-53 

AN/APN-171 

New  A-kit,  rack,  and  connector 
Scale  factors 

Flight  system  coupler  outputs 

A-7D 

AN/APN-194 

Much  larger  space 

New  A-kit,  rack,  and  connector 
Scale  factors 

Extra  output  signals 

C-141 

HF-9025  B/A 
"AWALS" 

Larger  space 

New  A-kit,  rack,  and  connector 
Scale  factors 

Track/no-track  signal 

C-5 

P/N  41003 

Larger  space 

New  A-kit,  rack,  and  connector 
Scale  factors 

Extra  output  signals 

E-3 

ARINC-522  unit 

None 
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2. 4. 2.1  Difference  Between  ARC-XXX  and  ARINC  559A  Equipments 


There  are  several  differences  that  inhibit  the  ARINC  559A  radio  used 
by  the  airlines  from  being  a  direct  replacement  for  the  ARC-XXX.  These  are 
shown  in  Table  2-5. 


Table  2-5.  DIFFERENCES  BETWEEN  ARINC- 

559A  AND  ARC-XXX 

Characteristic 

ARINC  559A 

ARC-XXX 

I  jquency  Range 

2.8  to  24  MHz 

2.0  to  30  MHz 

Sideband  Selection 

Upper  only 

Upper  or  lower 
(selectable) 

Channel  Spacing 

1  KHz 

100  Hz 

Audio  Baseband 

350-2500  Hz  (6  dB) 

250-3100  Hz  (1  dB) 

Power  Output  (PEP) 

200  watts  (temporary 
expedient),  400  watts 
desired 

400  watts 

Physical  Size 

7.62"highx  7.5"wide 
x  12.52"  deep 
(3/4  ATR  Short) 

7 . 62 "high  x  10.125" 
wide  x  12.0625"  deep 

However,  commercial  HF  radios  can  still  be  procured  to  the  older  ARINC 
Characteristic  533A.  These  satisfy  all  of  the  listed  ARC-XXX  requirements, 
except  the  audio  baseband  width  (which  can  be  6  db  down  at  300  Hz  for  the 
ARINC  533A  wide-band  option)  and  physical  size  (1  ATR  long  instead  of  1  ATR 
short  for  the  ARC-XXX).  A  Collins  radio  built  to  ARINC  533A  (the  618T)  is 
currently  used  in  the  C-130E,  HC-130  H/N/P ,  and  the  C/NC-141  aircraft. 

In  other  aircraft,  ARINC  533A  units  are  not  considered  because  of  their 
7  inches  of  extra  length,  which  would  make  them  unattractive  as  substitutes 
for  the  ARC-XXX  in  most  of  these  aircrart. 

2. 4. 2. 2  Differences  Between  aKC-XXX  and  ARINC  719  Equipments 

ARINC  719  currently  exists  only  as  a  first  draft  prepared  by  the  ARINC 
staff  and  circulated  to  AEEC  members  for  comment;  until  AEEC  approval  occurs 
the  draft  is  not  a  statement  of  airlines  industry  policy.  It  is  anticipated 
that  at  least  minor  changes  may  be  required  when  audio  system  minimum  stan¬ 
dards,  currently  being  developed  by  RTCA  Special  Committee  132,  are  issued. 

The  draft  ARINC  719  invokes  the  cooling  and  packaging  elements  of 
ARINC  600  and  the  digital  control/data  elements  common  to  all  ARINC  700 
Characteristics.  The  R/T  unit  is  not  compatible  with  ARINC  559A  control 
panels.  Compatibility  with  ARINC  559A  automatic  antenna  tuners,  however, 
is  required.  A  cooling-air-flow  rate  of  110  Kg/hr  of  40°  c  (or  cooler)  air 
is  required,  and  power  dissipation  of  500  watts  maximum  for  continuous 
transmissions  is  specified.  The  R/T  is  specified  to  be  6  MCUs,  which  is  the 
ARINC  600  equivalent  of  the  3/4  ATR  size. 


ARINC  719  states,  "...it  would  be  wise  for  the  manufacturer  to  design 
the  equipment  for  ease  of  modification  to  provide  for  the  100-Hz  channel 
spacing  if  it  were  to  be  requested  by  the  airlines.  The  manufacturer, 
though,  should  take  care  in  keeping  the  additional  cost  for  the  convertibil¬ 
ity  down  to  an  absolute  minimum  in  order  not  to  lose  marketability  of  a 
radio  which  selects  frequencies  in  1  H.z  increments  only."  Minimum  output 
power  (PEP)  is  specified  as  400  watts  with  a  commentary  that,  "...users  will 
reluctantly  accept,  as  a  temporary  expedient,  the  reduction  in  power  output, 
as  a  manufacturer's  option..."  to  not  less  than  200  watts  PEP. 

This  will  make  it  easier  to  obtain  the  100-Hz  channel  spacing  and  400 
watts  output  in  an  ARINC  719  radio  than  in  an  ARINC  559A  radio  and,  possibly, 
permit  USAF  use  in  place  of  the  ARC-XXX  without  significant  modifications 
from  equipment  procured  by  the  airlines.  The  ability  to  select  either  upper 
or  lower  sidebands  and  to  obtain  an  audio  baseband  (compatible  with  the 
ARN-XXX  specification  and  with  MIL-STD-188)  would  be  non-standard.  Modifica¬ 
tions  to  achieve  these  capabilities  may  be  possible  within  the  6  MCU  ARINC 
719  box  size. 

2. 4. 2. 3  Feasibility  of  Air  Force  Use  of  ARINC  559A  or  ARINC  719 
Equipments 

It  appears  that  ARINC  559A  or  ARINC  719  radios,  modified  as  indicated 
above ,  may  be  used  instead  of  ARC-XXX  to  replace  ARC-65,  ARC-58,  AT-440, 
ARC-123,  and  618T  equipments.  Both  ARINC  719  and  a  version  of  ARINC  559A 
employ  a  data  bus  rather  than  multiple  wires  to  transmit  frequency-selection 
commands  from  the  control  panel  to  the  R/T,  as  is  required  by  the  ARC-XXX 
specification.  (This  is  not  a  feature  of  any  of  the  units  the  ARC-XXX  is 
intended  to  replace.) 

2.4.3  Applicability  of  Commercial  Weather  Radars 

We  examined  the  possible  utilization  of  an  ARINC  564  or  ARINC  708  radar 
in  the  C-141,  KC-10,  C-5,  C-130,  E-3A,  and  KC-135.  These  aircraft  currently 
use  the  following  radars: 


Aircraft 


Radar 


KC-135  APN-59 (B) 

C-141  AFN-59 ( B ) 

KC-10  RDR-1FB  (modified) 

(ARINC  564-7) 

C-5  Norden  Multimode  Radar 

C-130  AFN-59 (B)  Old  Aircraft 

C- 1 3 OH  APQ-1 22 (V) 5 

A  VO-  33  (X)  X  (ARINC  '164-7) 


.’-IV 


E-3A 


Wb 


The  use  of  a  separate  weather  radar  is  not  customary  in  other  aircraft 
types,  and  in  those  types  under  consideration  for  installation  of  a  new 
Common  Multimode  Radar  (CMMR)  (F-16,  F-lll,  F-4E,  B-52G/H,  and  other 
future  applications)  weather  capability  could  be  achieved  by  including 
a  weather  mode  in  the  CMMR. 

The  Norden  multimode  radar  in  the  C-5A  has  X-band  and  Ku-band  sub¬ 
systems,  with  the  X-band  system  functionally  similar  to  the  APQ-122(V)5. 
AN/APN-59(E)  radar  is  now  being  procured  to  replace  the  AN/APN-59 (B) , 
replacing  vacuum  tubes  with  solid-state  circuitry  where  practicable  without 
significant  form,  fit,  and  function  changes. 

The  RDR-1FB  (Modified)  and  AVQ-30(X)  are  ARINC  564  commercial  radars 
with  minor  modifications  to  more  closely  match  military  needs. 

The  AN/APN-59 (E)  and  APQ-122(V)S  are  designed  and  constructed  to  the 
full  MIL  specification  tree.  They  provide  long-range  mapping,  weather 
detection,  and  beacon  interrogation.  In  the  mapping  mode,  maximum  CEP 
position  errors  of  about  1/2  nautical  mile  at  50  NM  range  are  specified 
for  the  APX-122(V)5  and  1.5  miles  for  the  APN-59(E).  Interfaces  with  the 
aircraft  are  through  synchro-signals  and  analog  pulses.  Frequency  agility 
capability  and  operator  adjustment  of  frequency  within  the  range  9,000  to 
9,500  MHz  is  required  for  the  APQ-122(V)5.  Primary  control  and  display 
are  from  the  navigator's  station,  with  partial  operating  controls  or  over¬ 
ride  controls  located  at  the  pilot's  and/or  copilot's  stations,  where  job 
assignments  or  flight  safety  considerations  dictate. 

2.4. 3.1  Use  of  the  Airlines  Radars  Built  to  ARINC  564 

Radars  built  to  ARINC  564  are  not  required  to  provide  precise  mapping 
or  beacon-reply-reception  capability.  In  the  mapping  mode,  CEP  position 
error  will  be  about  five  times  that  allowed  for  the  APQ-122(V)5.  Scan 
coverage  is  only  ±90°  (±120°  maximum  permissible) ,  instead  of  the  full- 
circle  scan  or  adjustable  sector  scan  required  in  the  APQ-122(V)5  and 
APN-59(E)  specifications.  The  addition  of  beacon-reply  reception  has 
already  been  accomplished  in  commercial  radars  procured  by  the  USAF;  it 
may  also  be  possible  to  provide  the  desired  antenna  coverage  and  sector 
scan  features  in  an  ARINC  564-7  ndar. 

It  is  unlikely  that  any  ARINC  964-7  system  can  bo  modified  to  ade¬ 
quately  replace  the  APQ-122(V)5  capabilities  for  mappinq  accuracy,  fre¬ 
quency  control,  and  frequency  agility  desired  by  the  USAF. 

2.4. 3.2  Use  of  the  Airlines  Radars  Built  to  ARINC  708 

ARINC  708  describes  an  all-digital  radar  compatible  with  airlines  plans 
for  new  aircraft.  A  radar  built  to  this  Characteristic  will  not  accept  or 
output  analog  data  or  controls  and,  thus,  will  not  be  compatible  with  cur¬ 
rent  military  aircraft,  which  require  such  analog  interfaces,  without  the 
use  of  analog- to-digital  or  digital-to-analog  interface'  equipment.  For 
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new  aircraft  capable  of  interfacing  ARINC  4i  J  Imw-sjxm-u  ar.d  ARINC  433 
high-speed  digital  signals,  they  could  b- ■  ada:  tod  to  .  rovide  the  same  level 
of  performance  as  the  RDR-lFB  (Modified)  .  rovtdeg  for  the  K.o-i  A  and  the 
AVQ-30X(X)  provides  for  the  E-.3. 

2.4.4  Applicability  of  Commercial  •  ra  h  Data  Record'  r  ■ 

We  examined  the  possible  util  izatior.  of  ai.  ARINC  :>si.  Serb  or  ARINC 
700  series  flight  data  recorder  in  the  C-  .*,  VC-1  ’7,  C-141 ,  E-3A,  and 

E-4 . 


The  FAA  requires  the  recording  of  sped  fied  flight  data  and  cockpit 
voices  in  such  a  way  that  the  recording  medium  will  survive  a  crash  and 
the  recorded  information  can  be  r.  cover'-d. 


2 . 4 . 4 . 1  Airlines  Crash  Recorders 

Airlines  separate  the  voice  and  data  recordings  by  ;  roviding  a  cockpit 
voice  recorder  and  an  aircraft  ml. •  crated  data  system.  The  integrated  data 
system  provides  a  data-acquisiti  >n  system  that  receives  analog  and/or 
digital  data  and  converts  it  to  a  form  sui table  for  recording,  and  a  re¬ 
corder  (located  to  ensure  survival)!  1  i  t  .  of  tie  recording  medium)  that 
accepts  the  output  from  the  dafu-a  pii.it.  i  > ; .  nit.  Commercial  airlines 
aircraft  use  the  system  defined  by  A  KINO  7?,  which  includes  a  flight 
data  acquisition  unit  ( FDAU) ,  a  digital  f 1 i  hit  data  recorder  (DFDR) ,  an 
accelerometer,  and  an  optional  flight  data  entry  i  ant  1  (FDEP) .  The  DFDn 
is  designed  to  meet  the  FAA  .survival  i :  i  tv- of-rocording-nedium  requirement, 
when  mounted  in  suitable  positions  -ri  p.,  aircraft.  The  FDAU  is  designed 
to  interface  with  analog  data  sources  and  wit.!:  digital  data  sources  com¬ 
patible  with  ARINC  r>  n3/S7A  and  to.  convert  in:  uti-.d  data  to  a  form  suitable 
for  presentation  to  the  DFDR.  Both  the  FDAF  and  the  D!'DR  are  1/2  ATR  long 
packages  per  ARINC  404 A,  il though  ARINC  373  specifically  oermits  non-standard 
DFDR  sizes  with  a  free  (|  « aidant)  connector  terminat  ing  the  aircraft,  wiring 
for  cases  where  (foreign)  civil  regulations  authorities  require  the  recorder 
to  be  eject'.!  in  a  major  crash. 


sition  unit  (DFDAII)  ,  which  i  * 
respects.  Its  size  is  *,  pot': 
inputs  accept  only  data  ii.  A! 
also  accepted. 

(b)  The  DFDAU  uses  low-insi  rt.ion-f  to 
intercliangeable  with  1 ar;;.o  s; 

A  separate  voice  recorder  compat  : :  b  w 
airlines.  Since  neither  of  the  r.  :ori  i.  i 
equipment  rack,  compat il  i  1  i  ty  wi  ♦  i.  *  !.•  ! 

not  required;  therefore,  no  7  ■  :  ;  <  :  ar. 

for  either  data  or  voic"  r  e-rd  r. 
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2. 4.4. 2  Crash  Recorders  in  USAF  Aircraft 

The  E-3  aircraft  uses  a  combined  crash  position  indicator  (CPI)  beacon 
and  flight  data  recorder  which  provides  28  channels  of  flight  data  and  3 
voice  channels  and  satisfies  FAA  requirements  for  both  flight  data  and 
voice  recording.  Either  the  ARINC  573  or  717  equipments  could  be  substi¬ 
tuted  for  the  flight  data  records  section  of  the  CPI/FDR  installation  with 
more  than  adequate  data  capacity.  Neither  could  provide  the  voice  capa¬ 
bility,  however,  and  a  separate  voice  recorder  would  be  required. 

The  E-4,  C-9,  C-141,  and  VC-137  aircraft  already  use  commercial  flight 
data  recorders  built  to  ARINC  573  (Lockheed  209,  Fairchild  5424,  Fairchild 
5924,  and  Lockheed  109C,  respectively) ,  or  others  designed  to  the  same 
ARINC  Characteristic. 

The  C-5  aircraft  uses  a  unique  recorder,  made  by  Lockheed,  which  pro¬ 
vides  42  data  channels  and  a  single  voice  channel.  Only  30  minutes  of 
history  are  recorded.  As  with  the  E-3  recorder,  an  ARINC  data  recorder 
could  be  used  to  replace  the  C-5  digital  recorder  for  data,  but  a  separate 
voice  recorder  would  be  required. 

2.4.5  Applicability  of  Commercial  Ground  Proximity  Warning  Systems  (GPWS) 

ASD/XRE  suggested  that  we  examine  the  possible  utilization  of  an 
ARINC  723  GPWS  in  the  C-5,  C-141,  T-43,  and  VC-140  aircraft.  Currently 
all  of  these  aircraft  use  the  Collins  CPN-622-2615-5000,  which  is  a  com¬ 
mercial  unit  built  to  ARINC  594.  This  demonstrates  the  ability  of  equip¬ 
ment  built  to  ARINC  594  to  serve  in  the  listed  aircraft  or  other  transport- 
type  aircraft  requiring  either  Category  III  instrument  landing  capability, 
FAA  certification  for  passenger  service,  or  both.  The  ARINC  723  system 
will  be  applicable  for  such  service  in  those  new  or  modified  aircraft  that 
may  be  designed  to  provide  ARINC  429  digital  interfaces  and  cooling  air  to 
APINC  600  standards. 

2.4.6  Applicability  of  Commercial  Air  Data  Computers 

We  studied  the  possible  utilization  of  a  commercial  air  data  system 
to  replace  the  air  data  computer  function  in  the  E-3A,  the  E-4,  the  KC-10, 
and  the  C-141  aircraft.  The  central  air  data  computers  currently  used  in 
these  aircraft  are: 

Aircraft  Computer 

E-3A  Honeywell  HO-lHV  (standard  commercial) 

E-4  Bendix  190-3925-3  (standard  co'jnerei al ) 

KC-10  Honeywell  HG-2H0D  (standard  commercial) 


C-141 


Bendix  CPU/43-A  to  MTL-C- 3HU37 


The  first  three  air  data  computers  are  the  same  as  those  used  in  the 
civil  aircraft  that  are  modified  to  produce  the  .r;-3A,  E-4,  and  KC-10,  and 
are  designed  and  constructed  to  ARINC  500  series  Characteristics.  They 
demonstrate  the  feasibility  of  using  these  commercial  standards  for  mili¬ 
tary  transport  aircraft.  The  Bendix  CPU/43-A  central  air  data  system  is  a 
fully  militarized  equipment  built  to  MIL-C- 38037,  utilizing  the  full  mili¬ 
tary  specification  tree  invoked  by  MIL-E-5400.  The  CPU/43-A  is  similar  to 
an  ARINC  565  air  data  system,  but  has  multi;  le- function  outputs  not  provided 
by  ARINC  565.  Some  of  these  are  independent  duplicate  outputs  to  different 
loads  and  some  have  different  output  formats  (suet!  as  a  dc  potentiometer 
output  in  addition  to  synchro  outputs  for  altitude).  In  addition,  eight 
"QC"  differential  pressure  outputs  are  generated  in  relation  to  excitation 
signals  from  the  automatic  flight  control  system  (AFC’S)  ,  or  functions 
derived  therefrom.  Those  are  within  the  optional  provisions  of  ARINC  565. 

An  ARINC  565  air  data  system  would  have  to  be  built  to  special  order  to 
provide  the  additional  outputs  of  the  CPN/43-A. 

2.4.7  Applicability  of  Commercial  Inertial  Navigation  Systems  ( INS) 

ASD/XRE  directed  that  the  baseline  INS  against  which  airlines  INS 
systems  should  be  compared  is  the  "standard"  moderate-accuracy  INS  (SMA 
INS)  discussed  earlier  in  this  chanter  as  the  Air  Force  !•"  INS.  It  is 
described  in  Exhibit  ENAC  77-1,  "Characteristic  for  a  Moderate  Accuracy 
Inertial  Navigation  System  (INS)".  Airlines  inertial  navigation  systems 
compatible  with  ARINC  Characteristics  a.  1-11  and  7o4  are  to  be  considered 
as  candidates  for  use  in  the  A- In,  p-lo,  :  —  1  I  !  ,  P-4,  and  AMST  aircraft 
if  they  can  satisfy  the  same  form,  fit,  ut.d  fun.-t  ion  requirements  that 
are  specified  for  the  SMA  INF. 

2. 4. 7.1  Inertial  Scf.  rune-  -  Sys’-.-r.;;  Com;  1-  in',  with  ARINC  Character¬ 
istic  if)  1-11 

ARINC  Character i st  i  <•  el-11  d.  ..  -rib.-.;  a:t  ncrtial  navigation  system 

suitable  for  use  i  n  air  1  i.v.  .«  1 1  ms:  ort  aircraft  and  uniutibl.  with  air 

data  systems,  auto;  i  lots ,  »nd  nth.  r  i  ■ lat.a  equipments  used  in  airline 

service.  It  accepts  sequential  •  i  »  i  '  •!  mi  .untie.)  inputs,  and  provides 
sequential  digital  and  trial  ■  :t :  ut  -  .  1  ts  fun  :t  ions  are  substantially 

identical  to  the  SMA  INS.  jgni  f  i  c-nc  differences  exist  between  the  SMA 
INS  and  the  ARINC  5i>1  - 1  1  INS  for  in  paired  input  and  out;  ut  data  and  in  the 
format  for  di  rital  data.  The  M.l-1  1  fied  form  factor  for  the  inertial 

navigation  unit  ( 1NU)  is  1  ATK,  .vial  tic  SM.A  INS-. sped  fil'd  size  is  equiva¬ 
lent  to  3/4  ATK  with  sonic  3  m  •:.■  ..  f  front  :  mi.  ctinn  allowed  beyond  the 
mounting  base-.  Digital  in.  T  .mi  -sit  put  f*>r  tic  SMA  TN3  are  required 
to  be  compatible  vi  t.h  MI1.-MT:>-  1  ',  while  di  lit  1 1  incuts  and  outputs  for 

ari  ARINC  561-11  unit  .in  i  ••  :m  r-  d  t  •  tie  in  .At  INC  41  • ,  Croat  c,  format. 

Tile  two  formats  are  :,,,t  q  q.p  ,  .,n  ,.-t  iv-  in',  rta.:.  unit  would  be 

required  for  the  ARINC  >(>1-11  INS  it.  a  mi  li  turn  aircraft  using  MIL-STD- 
1553.  Positional  accuracy  is  iv>»  :•  ,fi  d  m  ARINC  61-11,  although  the 
accuracy  "...  deemed  i;  ;  ro;  ri.it.’  fa  >i  .  >v  l  tic  No.  t.h  Atlantic  ...  for 
flights  of  ty;  ical  durations  ...”  i  '.  .•  .an.'  as  that  specified  for  the 
SMA  INS  for  flights  of  over  1"  Inm  dura'  ;  n.  Tic  SNA  i Ns  spec  i  fication 
references  tic  cornu  lute  military  i  i .  •  i '  ;  n  t  r  •  . 


The  CAROUSEL  IV  E  INS  used  in  the  C-5  and  in  the  C/NC-141  transport 
aircraft  is  an  ARINC  561-11  unit  with  the  customer  option  for  vertical 
acceleration  output  exercised.  For  combat  aircraft  applications,  where 
the  larger  size  of  the  561-11  or  its  adherence  to  ARINC  419  digital  format 
instead  of  MIL-STD-1553  violate  USAF  requirements,  an  ARINC  561-11  INS 
is  not  an  adequate  substitute  for  the  SMA  INS. 

2 . 4 . 7 . 2  Inertial  Reference  System  (IRS)  Complying  with  ARINC  704 

The  ARINC  704  inertial  reference  system  differs  from  the  ARINC  561-11 
inertial  navigation  system  in  that  no  steering  outputs  nor  any  form  of  way- 
point  navigation  is  provided.  The  702  IRS  provides  sensor  information  that 
can  be  used  by  another  subsystem  (the  ARINC  702  flight  management  computer 
system)  to  compute  and  output  steering  signals.  Consequently ,  the  704  IRS 
could  be  used  only  if  another  computer  subsystem  is  available  to  provide 
waypoint  navigation  and  steering  signals,  or  if  waypoint  navigation  and 
steering  signals  are  not  considered  to  be  mission-essential. 

A  further  difference  between  the  704  IRS  and  previous  airline  inertial 
systems  is  that  no  analog  inp>  s  are  accepted  and  all  outputs  (including 
pitch,  bank,  angle,  and  heading)  arc  in  digital  form.  Thus,  an  ARINC  704 
system  cannot  replace  any  INS  or  IRS  that  uses  analog  inputs  or  outputs 
for  any  function,  without  the  aid  of  digital-to-analog  and/or  analog-tc- 
digital  converters.  This  could  make  use  of  tin  704  IRS  difficult  for 
retrofit  purpose's,  whereas  it  would  be  satisfactory  for  those  new  installa¬ 
tions  win.  r compatible  digital  interfaces  can  be  :  rovided. 

2.4.8  A;  ;  licability  of  Commercial  VOR/ILS  Navigation  Receiver  Systems 

An  additional  common  functional  equipment  for  both  commercial  and 
military  flight  operation,  is  the  VHl-'/UHF  instrument  landing  system.  The 
commercial  airline  requirements  have  evolved  through  a  succession  of 
Characteristics,  such  as  the  following: 

Cl ior a ct or i  stic  Equipment  Typo 

(unnumbered)  V1IF  Navigation  and  Communications 

ARINC  519  did"  Slope  Receiver 

ARINC  547  VHP  NAV  (LOC/VOR  with  integral  glide 

slop"  receiver  o:  tional) 

ARINC  551  dido  Slope  Receiver  -  Mk  2 

ARINC  578-3  II, S  (LOC/GS  only) 

ARINC  710  ILS  ( IJX'/GS  only) 

Although  used  in  ARINC  404A  configuration,  the  marker  beacon  receiver 
had  no  ARINC  Characteristic  reference  until  it  was  included  in  the  ARINC 
711-VOR  receiver  requirements. 


Because  the  ILS/VOR  market  includes  a  large  part  of  the  general  avia¬ 
tion  and  commuter  activities,  commercial  avionics  suppliers  offer  many 
combinations  of  V0R/UXyd5  and  marker  beacon  receiving  equipment,  many 
of  them  following  the  ARINC  404A  rack  mo 0:5 ting  and  standardized  intercon¬ 
nections  requirement;; .  l-or  the  air  l if.-  :  ,  t  ho  :  referred  configuration 
includes  localizer  and  glide  slope  function^  in  one  receiver,  and  VOK  and 
max  K.or  beacon  in  a  separate  receiver. 


independent  devoir, ament,  AF'LC  sponsored,  a  supplier  to  repackage 
unctions;  in  one  unit  and  qualify  this  for  Air  Force  use  as  the 


In  an  independent  de 
all  four  functions;  in  one 
AN/AKT1-  12  7. 


The  AN/ARN- 127  lias  n  purctiased  for  retrofit,  into  F-4E/G  and  RF-4C 
aircraft  and  is  intended  by  At’LC  to  become  tin-  USAF  standard  modernization 
VGK/ILS  until  ILS  is  replac..  d  by  MLS  and/or  GTS  in  the  I'-"10s . 

New  transport  aircraft  are  neing  purchased  by  the;  Air  Force  with  com¬ 
mercial  VOP.,  localizer,  glide  slope,  and  mark-  r  beacon  equipment  already 
installed  (VC-137,  C-14.1,  C-u,  r-i  ,  P-3A,  K-4 ,  KC-ln,  and  possible  future- 
procurements).  For  aircraft  currently  having  no  ILS/VOR  and  for  those  now 
using  obsolete  military  equipment,  tli- -  AN/AKN-127  is  tip  modernization 
equipment  selected  by  th  •  FSAF. 


2.3  COST- BENEFIT  COM3 1  DERATION  IN  Til.'  "s'"  OF  ("IMPER  IAL  AVIONICS  IN  USAF 
AIRCRAFT 


We  addressed  the  ev1!  nation  .  f  commerci 
qualitatively.  From  both  point;:  F  view  wo 


decision  has  to  bo  based,  on  the  cii -"urns '  anc* 
program.  A  major  factor  is  the  tyj  .  •  c.f  ii  1 
is  a  very  persuasive  argument  that  bn-  -,-nvi  1 
transport  and  training-miss  ion  a  7  rcrafi  .  I  s. 
aircraft  and  consequent  1  v  such  .uror-ift  cut; 
Procurements  of  these  ai  re  ruff  .ire  eft.  -n  m..k 
designs  and  production  facil.it;.-; -,  i  i.  .-.'hiei. 
effective  to  retain  the  commer- 1  a  !.  i  y  d- -Vi-bi; 
suite  and  add  the  necessary  military  eommun  i 
other  mission  avionics  from  IFF.  sour.---  . 
constraints  introduce  .]  iiy  space  uv.ii  la!  i  .1  i  t 
(or  discourage)  the  use  of  jomir.ei  •  i  1 1  ivloni 
found  no  clear  cost  advant .»•!■•  to  u.ot:  1  ••  on- 

lists  the  major  qualitative  »..  :i.  :  :  "  1. 

oral  avionics. 


avionics  quantitatively  and 
Mind  that  the  cost-benefit 
surrounding  each  aircraft 
ft  and  its  mission.  There 
:m-  n:  of  ‘..he  cargo/ tanker/ 

I y  RiralU-ls  that  of  commercial 
■■  1  v-  d  i.y  commercial  avionics, 
fr-  o  >:  n*  rciai  transj  <>rt 
1.  •  1  1  >ul  d  a:  i  ear  cost  - 

1  '  1  i  d:  *  •.  -.-rat  ions  avionics 

<*  ion..,  iJ.-nt  i  fication,  and 
-  -t.:n  r  : ;  "f  .1  i  rcra f t , 

irui  nvi  ronrt'  nt  may  prevent 
■ .  f  n  this  sit  u.  1 1:  i  on ,  we 
-j.il  -  ■  pi  i  ;  me-nts .  Table  2-b 
p.  of  using  commor- 


2.3.1  Re  1  a  t  i  v> 


Tiie  way  in  which  comru.ifi.il  and.  mi  1  i  t  .ir 
prevent  direct  comp-ari  -on.:.  nr- ■  re  i  a  1  ;  tic. 
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d  as  a  "net"  and 
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Table  2-6.  QUALITATIVE  ASPECTS  OF  USING  COMMERCIAL  AVIONICS  IN  USAF 
AIRCRAFT 

"Cost"  Penalties 

Benefits 

•  Performance  Compromises 

*  Reduced  Investment 

••  Weapon  delivery  accuracy  is 

••  Development  cost 

not  provided 

amortized 

••  Operating  range  frequencies 

••  Selling  price  is  listed 

and  altitudes  optimized  for 

for  single  unit  buy 

commercial  needs 

••  Quantity  discount  can  be 

•  Design  Flexibility 

negotiated 

••  Performance,  size,  cost 

*•  Minor  options  and  except- 

trade-offs  determined  for 

tions  can  be  negotiated 

commercial  use 

competitively 

••  Standard  military  interface 
not  provided 

•  Availability 

••  "Off-the-shelf"  for  small 

••  Any  major  change  will  com- 

quantity 

promise  investment  and 

••  Design  is  mature 

availability  benefits  (but 

may  still  be  cost-effective) 

••  Reliability  is  known  and 

•  Maintenance  Considerations 

based  on  high  operating 
time 

••  Parts  may  not  be  in  standard 

•  Interchangeability 

inventory 

••  Maintenance  data  is  not  to 

MIL-Standard 

••  Multiple  vendors  (pro- 

motes  competition) 

••  Built-In-Test  is  at  LRU 

••  Evolutionary  product 

"GO/NO  GO"  level 

improvement 

••  Shop  test  equipment  not 

••  Continuing  availability 

standard 

of  replacement  spare  LRUs 

Major  purchasers  can  negotiate  discounts  below  "net"  and  can  also  negotiate 
specific  support  efforts  and  warranty  conditions.  In  the  competitive  com¬ 
mercial  business  environment  these  details  are  not  disclosed  publicly. 

Cost  data  on  military  GFE  avionics  are  ultimately  published  in  the  National 
Stock  List  and  can  be  derived  also  from  published  data  on  supply  contract 
price  and  quantities.  Again,  data  on  what  the  price  includes  in  terms  of 
support,  warranty,  training,  spares  inventory,  etc.,  is  not  generally 
available . 

In  spite  of  the  above  discrepancies,  it  i.;  clear  that  there  are  no 
inherent  acquisition-cost  benefits  to  be  derived  from  the  use  of  commercial 
avionics  equipment.  Functionally  equivalent  military  and  commercial 


avionics  units  in  general  use  have  similar  prices  (see  Table  2-7) .  When 
the  USAF  has  bought  commercial  avionics  in  quantity  (such  as  the  Carousel 
IVE  INS),  the  unit  price  was  well  below  the  published  net  price.  Also, 
when  the  military  has  bought  repackaged  commercial  avionics  (such  as  the 
AN/ARN-127  and  AN/AKN-123  ILS) ,  the  unit  prices  were  well  below  the  equiva¬ 
lent  commercial  airlines  equipment;  and  the  AN/ARN-127  is  offered  commer¬ 
cially  at  a  net  price  25  percent  above  the  last  USAF  price  known  to  us. 

We  conclude  that  for  quantity  buys  to  a  mature  design  requirement,  the 
military  can  obtain  commercial  avionics,  modi fied/ repackaged  commercial 
avionics,  or  custom-designed  military  avionics  at  unit  costs  that  are 
comparable  to  airlines  costs.  When  the  quantities  are  small,  selection 
of  a  commercial  design  puts  a  ceiling  (the  net  price)  on  the  acquisition 
cost  and  avoids  the  design,  development,  test,  and  data  cost  that  would 
accompany  a  specialized  military  procurement. 

2.5.2  Acquisition  Lead  Time 

Although  commercial  avionics  suppliers  do  not  normally  carry  a  large 
inventory  of  airlines  avionics  units,  they  respond  to  perceived  market 
opportunities  by  supplying  units  for  evaluation,  testing,  and  prototyping. 
Also,  they  will  adjust  production  to  meet  any  orderly  build  up  of  demand. 
The  uncertainties  and  delays  typical  of  GFE  development  and  pre-production 
programs  are  essentially  absent  in  this  context. 

2.5.3  Xnterchangeabili ty 

If  commercial  airlines  (ARINC)  avionics  are  specified  early  in  an 
aircraft  design  or  modernization  program,  design  details  to  accommodate 
them  can  be  finalized,  yet  competitive  procurement  can  proceed  without 
compromising  the  aircraft's  interface  details.  Prototype  aircraft  can  be 
outfitted  off  the  shelf  independently  of  the  production  procurement ,  and 
second-sourcing  and  split-buy  techniques  can  be  routinely  exercised. 

2.5.4  Performance 

The  performance  of  commercial  avionics  is  attuned  to  ensuring  that 
the  airlines  comply  with  U.S.  and  international  airsjacc.  rules  and  the 
rules  pertaining  to  operating  in  the  Air  Traffic  Control  environment.  Many 
military  avionics  systems  have  no  more  arduous  requirements  to  satisfy  and 
thus  are  candidates  for  using  commercial  airlines  avionics.  However,  when 
significant  extensions  in  performance  are  needed,  cost  and  technical  con¬ 
siderations  may  preclude  their  use:. 

2.5.5  Re  1 i abi 1 i ty 

Commercial  airlines  avionics  must  have  high  is  liability.  Operating 
for  up  to  18  hours  per  day,  aircraft  accumulate  flight  hours  very  rapidly. 
Delayed  departures  due  to  unscheduled  ma i n  t  ensure  are  very  costly,  so 
avionics  MTBFs  greater  than  2000  hour.;  ar  -  •  ent  l  al  --  10,000  hours  are 
desiiable.  There  is  no  reason  to  upj  <>  >•  that  •omri*  r::i  al  avionics  would 
not  experience  the  same'  reliability  in  c.  r  raft  under  equivalent 

environmental  conditions . 


Table  2-7 

COMPARISON  OF  COSTS  OF  MILITARY  ANL)  COMMERCIAL  AVIONICS 

Type  of 
Avionics 

Commercial 
Speci f ications 

Airline 

Cost 

Military  Type 

Military  Cost 

HF  Radio 

ARINC  '5  33A 

No  Equivalent 

No  Equivalent 

$15,000 

618T (-) B 

ARC- 112 

ARC- 12 3 

$15 ,000 
$23,000 
$17,000 

ARINC  559A 

$13,770 

No  Equivalent 

- 

Radar  Altimeter 

ARINC  552  i 

ARINC  552A^ 

$10,000 

LARA 

$0, 118  (planned 
budgetary) 

INS 

ARINC  561-11 
(C-IV-E) 

$100,000 

C-IV-E 

SKN-2400 

$54,000 

$75,000 

VOR/ILS 

ARINC  547 

$4,400 

ARN-127 

$2,800  ($3,500  to 
individual  buyers) 

2.5.6  Design  Flexibility 

The  commercial  airlines  have  established  a  common  avionics  architec¬ 
tural  standard.  A  military  requirement  to  interface  a  commercial  standard 
unit  (or  group  of  units)  with  a  different  architectural  standard  engenders 
a  need  to  determine  an  effective  interfacing  mechanism  and  secure  the 
resources  to  implement  it. 

2.5.7  Maintenance  Considerations 

There  appears  to  be  no  reason  to  expect  any  difference  between  the  cost 
of  supporting  commercial  airlines  avionics  and  the  cost  of  supporting 
military  avionics.  (Cost  could  escalate,  however,  if  the  commercial  equip¬ 
ment  is  treated  as  "new  GFE "  and  MIL-STD  documentation  is  demanded.)  Com¬ 
mercial  avionics  maintenance  data  (in  compliance  with  ATA  100  Specification) 
is  complete  and  adequate.  Service  bulletins  maintain  currency  and  provide 
quick  reaction  to  observed  problems.  The  manufacturer's  field  service 
support  and  training  are  normally  available  on  an  as-needed  basis,  by  formal 
contract,  or  under  warranty  terms.  Automatic  test  equipment  is  generally 
available  on  a  unit-by-unit  basis  (PSE) ,  although  some  "universal"  auto¬ 
matic  test  equipment  is  available  for  individual  avionics  manufacturers' 
products . 

2.5.8  Cost-Benefit  Decisions 

Individual  decisions  concerning  t ! i •  use  of  existing  and  future  com¬ 
mercial  airlines  avionics  in  USAF  aircraft  will  need  to  be  made.  Figure 
2-3  illustrates  such  a  decision  process.  If  available'  GFE  avionics  match 
the  requirement,  a  clear-cut  decision  to  use  it  would  be  made,  unless 
there  was  specific  direction  to  evaluate  commercial  alternatives  or  the 
aircraft  was  already  configured  for  >n:-vr  i.il  avionic:;  flight  systems. 

If  suitable  GFE  avionics  are  not  uv.i  .l.ii  1  ■  ,  e,  .nm.-rcial  equipment,  and 
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feasible  modifications  if  required,  should  be  investigated.  Where  there 
is  clearly  no  suitable  commercial  equipment  available  either,  a  program 
will  be  needed  to  develop  new  GFE.  This  may  be  "all  new",  a  modified 
existing  military  equipment,  or  a  repackaged  commercial  equipment.  In 
many  cases,  the  situation  will  not  be  clear-cut,  and  a  comparison  of  cost, 
reliability,  performance,  acquisition  integration,  and  support  cost  (life- 
cycle  cost)  will  have  to  be  made  between  the  available  alternatives. 


2.6  SUMMARY  AND  CONCLUSIONS 

Commercial  airlines  flight-essential  avionics  are  designed,  manufac¬ 
tured,  tested,  and  certified  to  a  well  defined  and  documented  set  of 
standards,  which  correlate  qualitatively,  and  sometimes  quantitatively, 
with  equivalent  military  specifications  and  standards. 

Where  military  and  civil  functional  needs  run  parallel,  restraints 
on  the  military  use  of  commercial  standard  avionics  are  of  three  kinds: 

•  Physical  and  Performance  Shortcomings  -  which  must  be  recognized 

•  Integration  and  Interface  Difficulties  -  which  can  be  overcome 

•  Procurement  Procedures,  Documentation,  and  Data  -  which  can  be 
changed  or  waived 

2.6.1  Functional  and  Performance  Applicability  of  Specific  Commercial 
Avionics 

The  general  performance  capabilities  of  certain  commercial  airlines 
avionics  are  presented  in  Table  2-8. 

2.6.2  Applicability  of  Commercial  Standard  Avionics  to  Specific 
Aircraft 

Table  2-9  summarizes  our  findings  concern inq  the  applicability  of 
existing  commercial  airlines  avionics  to  specific  aircraft  of  current 
interest  to  ASD.  The  avionics  units  listed  art:  all  ARINC-500  series; 
the  corrc; ponding  ARINC-700  series  avionics  would  have  similar  applica¬ 
bility,  subject  to  evaluation  of  the  need  to  transition  to  an  all  digital 
data  transfer  system  and/or  provide  interface-  compatibility  between  the 
ARINC-700  units  and  the  MI L-STD-15 5 3  digital  data  bus. 

2.6.3  Conclusions  and  Recommendations 

Commercial  airlines  avionics,  existing  and  future,  have  valid  applica¬ 
bility  to  USAF  aircraft.  Procedural  restraints  and  maintenance  concepts 
should  be  restructured  to  encourage  use  of  commercial  avionics  where  this 
course  is  technically  and  economically  valid.  Appropriate  revisions  should 
be  made  to  MIL-Standard  directives.  Standardized  approaches  to  solving 
typical  integration  difficulties  should  be  developed.  Volumetric  and 


Table  2-8.  CAPABILITIES  OF  CERTAIN  COMMERCIAL  AVIONICS 


Avionics  Description 

Performance  Capabilities 

Radio  -  Altimeters 

All  applications  for  instrument  and  auto- 

ARINC  522A 

coupled  flight  close  to  the  ground  (0  to  2,500 
feet;  extendable  to  5,000  foot  by  optional 

ARINC  707 

changes) . 

HF  Radio 

All  applications,  provided  that  an  acceptable 

ARINC  559 

form  factor  can  accommodate  tile  optional 
features  corresponding  to  Collins  adaptation 

ARINC  719 

of  tlie  ARINC  533A  HF  radio  to  their  618T 
configuration  for  the  USAF. 

Weather  Radar 

All  apt  liratior.s  where  high  resolution  mapping 

ARINC  564 

is  not  also  required  from  the  same  radar. 

ARINC  708 

Flight  Data 

Voice  recorder  chann*  l  not  provided;  data 

Recorders 

acquisition  (i.e.,  signal  conditioning)  unit 

ARINC  573 

interface  is  to  ARINC  -l..”.'  DITS  and  specific 
ARINC  Churact  rir.od  Air  Data  Units. 

Ground  Proximity 

All  applications  is-  ding  passenger  certifica- 

Warning  System 

tion  and/or  Cat*  gory  III  instrument  landing 

ARINC  594 

ca; >abi  1  i  tv  . 

ARINC  723 

Air  Data  Computer 

Transport  aircraft  apt  1 i cations  or  similar 

ARINC  5  75-3 

aircraft  no* -ding  sophisticated  instrument 
display  and  autn-iiloi  coupling  facilities. 

ARINC  576 

Specialized  features  such  as  HAS  auto-pilot 

ARINC  706 

gain  adiustnv-nts  ar*  not  included. 

Inertial  Navigation 
Systems 

All  applications. 

ARINC  561-11 

ARINC  704 

Instrument  Landing 

All  appl i cations ,  but  marker  beacon  rec*  ivor 

System 

is  not  i m:  1  ud<  . ! . 

ARINC  578-3 

ARINC  710 

1 


environmental  criteria  should  be  established  to  give  general  guidance 
concerning  the  non-applicability  to  high-performance,  space-premium 
aircraft.  Ultimately,  each  aircraft  program  decision  should  be  the  result 
of  an  individual  trade-off  evaluation  of  its  common  avionics  needs  and 
interfaces. 


CHAPTER  THREE 


SUPPORTING  STUDIES 


As  part  of  the  cost/benefit  analyses  of  Task  2,  we  were  asked  to  per¬ 
form  two  special  supporting  studies:  (1)  an  industry  survey  to  solicit 
opinions  and  daua  on  the  merits  of  an  avionics  PME  standard  and  (2)  a 
review  of  "new"  cooling  technologies,  to  assess  the  potential  effects  of 
such  technologies  on  future  PME  standardization.  This  chapter  reports 
the  results  of  this  work. 


3.1  INDUSTRY  SURVEY 

In  addition  to  collecting  information  from  "in-house"  sources, from 
ASD/EN  study  inputs, and  from  current  and  past  technology  reports  and  brief¬ 
ings,  we  sent  a  questionnaire  to  industrial  firms  that  have  substantial 
background  in  both  commercial  and  military  avionics  manufacturing  or  in 
military  and  commercial  aircraft  manufacturing  involving  substantial  avi¬ 
onics  integration.  Every  effort  was  made  to  ensure  that  this  enquiry  was 
addressed  to  a  responsive  individual  (or  group)  by  preliminary  telephone 
conversations.  Contacts  established  in  connection  with  ARINC  Research's 
Low  Altitude  Radar  Altimeter  (LARA)  specification  development  we're  also 
used.  Where  appropriate,  promising  responses  were  followed  up  with  in- 
plant  meetings  to  supplement  the  written  replies.  ASD/XRE  and  ENA  personnel 
also  participated  in  these  meetinqs. 

The  questionnaire  took  the  form  of  a  letter  requesting  narrative  opin¬ 
ion  on  the  relevant  standardization  issues  raised  and  a  form  designed  to 
elicit  simple,  clear-cut  answers  to  specific  questions  (see  Figure  3-1). 
Twenty- five  firms  were?  solicited;  of  these,  seven  responded.  The  respon¬ 
dents  included  two  major  military  aircraft  manufacturers  --  Booing  and 
General  Dynamics  --  and  five  major  electronics  firms  --  Bendix,  Emerson, 
Rockwell  International  (Collins),  Singer,  and  Sperry.  The  results  presented 
in  tabular  form  in  Table  3-1  show  that  the  majority  of  respondents  expressed 
a  positive  attitude  toward  aj plying  packaging,  mounting,  cooling,  and  power 
standards  to  both  new  and  old  aircraft,  and  for  loth  common  and  core  avionics. 
One  company,  Emerson,  expressed  a  minority  viewpoint  that  favored  only  stan¬ 
dardization  for  electric  power  sources.  The  full  replies  are  reproduced 
in  Appendix  E. 
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INDUSTRY  SURVEY:  AVIONICS  PACKAGING,  MOUNTING,  ENVIRONMENTAL  STANDARD 
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When  sufficient  replies  to  our  mailed  survey  questionnaire  were  avail¬ 
able,  follow-up  visits  were  arranged  to  get  personal  reactions  from  industry 
people  to  the  concept  of  USAF  PME  standardization  and  their  opinions  on  the 
following  subjects: 

•  Viability  of  ARINC  600  concepts 

•  Benefits,  quantitative  and/or  qualitative 

•  Impacts  of  standard  racking  and  connectors 

•  Degrees  of  applicability  across  aircraft  types  and  equipment  groups 
ASD/XRE  and  ENA  personnel  took  part  in  these  visits. 

Visits  were  made  to  General  Dynamics  Fort  Worth  Division  (F-16) , 
Rockwell  International  (Collins  Radio)  at  Cedar  Rapids,  and  Bendix  Avionics 
Division,  Fort  Lauderdale.  A  visit  to  Boeing  Aerospace  Company  was  initi¬ 
ated,  but,  after  full  discussions  by  telephone,  it  was  concluded  by  all 
concerned  that  all  points  had  been  thoroughly  covered  and  a  trip  was  not 
warranted . 

3.1.1  Visit  to  General  Dynamics,  Fort  Worth  Division 


General  Dynamics,  Fort  Worth  Division,  has  experience  on  the  F-lll 
program  and  is  currently  working  on  the  F-16  multi-national  program.  We 
examined  the  two  full-scale  fuselage  sections  (F-16A  and  F-16B)  that  aro¬ 
used  as  metal  mock-ups  for  verifying  installation  of  avionics  hardware. 
Avionics  equipment  locations  were  jointed  out  and  the  environmental  con¬ 
trol  system  was  explained.  Subsequent  discussions  brought  out  the  follow¬ 
ing  viewpoints: 

•  ARINC  600  form  factors  would  lie  difficult  to  a;  ply  to  the  F-16  or 
to  fighter  aircraft  in  general,  because  the  uniform  height  and 
length  of  ARINC  units  makes  fit  tin*.:  into  irregularly  shaped  spaces 
difficult.  For  example,  in  the  F-16,  boxes  of  different  heights 
are  arranged  to  occupy  curved  or  sir;  it;  :  Fay  contours .  If  a  uni¬ 
form  height  is  to  be  selected,  G.  n*-ral  Fv:eirri--s  would,  recommend 

5  inches  as  more  appropriate  for  a  ’  -  t  .md.ird. 

•  The  F-lll  and  the  F-16  aircraft  mi;  :  1-  ■  1 t  n  :  air  t  trough  a  mani¬ 
fold  on  the  aircraft's  cent*  rl  in*  to  tv  *  •  ->t  >f  t  !.••  avionics  boxes 

with  free  exhaust  from  the  front  of  •  a  :  .  Fox*  s  nr*  installed 

and  removed  from  each  cquil  rent  buy  t  hr  an  >  •  -  ..it  1-  aircraft  skin 

I anels,  as  in  most  fighters. 

•  F-16  vibration  is  only  si  mi  fi  Mtit  t :  ‘  ■:  t  •  :  :t  n-  e;:  1  •  and 
near  the  gun  muzzle.  equipment  mounted  clots  •  tin*  gun  u 
within  one  foot  of  the  muzzle)  is  installed  on  shock  motir  » s .  These 
are  effective  because  the  gunfire  vibration  is  eonfin*d  to  the  nar¬ 
row  frequency  band  of  00-100  Hz  and  higher  harmonics.  Common  shock- 
isolated  equipment  shelving  is  not  practical  because  individual 
qual i f icat i on-test  complications  would  occur. 
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•  The  F-16's  environmental  control  system  is  a  compact  arrangement 
of  heat  exchanger,  expansion  turbine,  and  water  separator.  The 
General  Dynamics  personnel  were  not  aware-  of  any  overall  efficiency 
trade-offs  on  cooling  methods  and  their  impact  on  aircraft  weight 
and  engine  performance. 

3.1.2  Visit  to  Rockwell  International  (Collins  Radio) 

The  Collins  engineers  have  experience  in  military  and  commercial  avi¬ 
onics  products.  The  TACAN  AN/ARN-118  receiver  was  of  particular  interest. 
This  has  become  a  USAF  standard  --  10,000  have  been  produced  so  far.  The 
TACAN  production  line  was  visited,  and  AN/ARC-186  VHF  AM/FM  communications 
receiver  assembly  operations  were  seen.  Subsequent  discussion  brought  out 
the  following  viewpoints: 

•  Military  standardization  of  avionics  PMF  would  be  highly  beneficial 
to  all  concerned.  While  one  manufacturer  might  lose  a  favorable 
sole-source  position  in  one  procurement,  it  would  have  the  oppor¬ 
tunity  to  compete  for  the  many  other  military  reprocurements  that 
would  be  opened  up  to  it  under  an  FJ  standardization  policy.  The 
USAF  would  also  benefit  from  the  routinely  upgraded  avionics  design 
and  manufacturing  improvements,  which  otherwise  could  only  be  intro¬ 
duced  after  lengthy  ECP  procedures  cor  the  con  ontional ly  managed 
military  programs. 

•  More  than  one  standard  (or  subsets  of  the  standard)  may  be;  necessary 
to  encompass  the  needs  of  all  aircraft  classes. 

•  Space-premium  aircraft  may  require  modules  that  have  less  height 
than  ARINC  600  permits.  If  these  are  produced,  trade-off  studies 
would  be  needed  to  see  whether  they  should  be  used  on  all  USAF 
aircraft  classes. 

•  Collins  engineers  felt  strongly  that  "MIL"  vibration  tost  require¬ 
ments  generally  exceeded  by  a  significant  (and  costly)  margin  the 
actual  levels  measured  on  equipment  in  the  aircraft.  The  "MIL" 
vibration  levels  applied  by  powerful,  rigidly  coupled  test  equip¬ 
ment  are  much  more  destructive  than  tin-  vibration  transmitted  by 
any  tyj  icul  aircraft  structure,  j  art icularly  at  the  higher  test 

f  requenci os . 

•  Functional  st andurd i zat i on  of  unite;  should  accompany  PMF  standard¬ 
ization  for  the  greatest  cost  benefits. 

•  Lowering  the  design  operating  tempt  nature  does  not  usually  enable 
acquisition  cost  to  be  reduced  significantly,  but  it  does  reduce 
failure  rates  considerably. 

•  The  guaranteed  MTRF  clause  in  th«  AN/AKN-118  production  contract 

gave  a  strong  incentive  for  good  design,  with  the  result  that  guar¬ 
anteed  MTRF  is  hi  ing  rtv  t  or  .  xoeeded.  However,  Hie  MTRF  guarantee 
gives  little  opportunity  for  correct ive  action  to  be  taken  by  Collin 
if  this  were  not  the  ease.  \  ; '  si :  -•  u -a  r  re  1  i  Halite  improvement 
warranty  (R1W)  added  *  ■:  irtunitv  for  :  r  'duct  imp  lev-uint,  with 

mutual  benefit  to  the  buy  -r  and  tin  seller. 
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•  F3  specif ication  procedures,  as  employed  by  the  commercial  airlines, 
add  further  incentive  for  supplier  support  in  the  event  of  perform¬ 
ance  or  reliability  problems  throughout  the  life  of  the  equipment , 
because  of  the  ability  of  the  buyer  to  switch  to  a  competing  vendor 
for  any  future  procurement. 

•  Prices  of  commercially  supplied  avionics  include  the  overhead 
needed  to  cover  vendor  support  (i.e.,  local  representatives,  field 
support,  etc.).  The  same  equipment,  sold  to  a  military  buyer 
intending  to  use  organic  maintenance,  might  appear  to  cost  less 
until  the  cost  of  MIL  Standard  documentation,  initial  spares ,  and 
training  are  added.  These  are  usually  treated  as  separate  cost 
items  by  the  government. 

3.1.3  Visit  to  Bcndix  Avionics  Division,  Fort  Lauderdale 

The  Bendix  Avionics  Division  initially  produced  equipment  only  for 
the  civil  marketplace,  including  both  general  aviation  and  the  airlines. 

They  now  produce  for  military  customers  as  well,  and  have  a  mandate  to 
develop  new  avionics  for  which  they  can  demonstrate  a  competitive  return 
on  investment. 

The  AN/ARN-127  (Air  Force)  and  AN/ARN-123  (Army)  instrument  landing 
system  (ILS)  receivers  were  of  particular  interest,  having  been  developed 
from  Bendix  commercial  standard  circuitry  and  repackaged  to  meet  the  serv¬ 
ice  requirements  for  an  ILS/VOR/Marker-Fv 'aeon  receiver  in  one  compact  box. 
Bendix  Avionics  production  assembly  and  test  areas  were  visited;  the 
AN/ARN-127  tempera ture/vibr at ion  burn-in  testiiu  was  observed  in  progress. 
All  electronics  products  are  subject'd  t...  maximum  temperature  "burn  in" 
during  their  tost  cycle,  mostly  in  e im;  ]<•  insulating  enclosures  (called 
"rabbit  boxes")  vented  so  as  to  stai  i  1  iz.  at  7  ('■  °  i '  ambient  temperature. 

The  now  ARINC  708  weather  radar  was  seen  on  final  test;  we  noted  the 
carefully  designed  interna,  ducting  that  distributed  cooling  air  from  the 
bottom  entry  port  to  the  critical  power  sections,  of  the  transmitter/ 
modulator.  Subsequent  discussions  brought  out  the  following  viewpoints: 

•  The  MTBF  penalty  imposed  on  the  AN/ARN-127  . reduction  was  a  highly 
effective  incentive  to  good  design  and  quality  control.  The  pro¬ 
gram  could  not  afford  to  carry  any  continuing  penalty  costs. 

•  Excessive  batch-sample  test  in.,  is  costly  to  the  government  in  terms 
of  test  time  and  | roduction  equipment  diversion  from  delivery. 
AN/ARN-127  batch-test  quantities  appeared  to  be  excessive;  AN/ARN- 
123  batch-tost  quantities  were- |  robal.  I  y  insufficient. 

•  "Burn-in  before  final  test"  was  a  practical  n  quiremt.nt ,  but  some 
flexibility  in  the  burn-in  period  so  as  to  fit  in  with  factory  shift 
organization  is  a  cost  saver. 

•  Bendix  experience  was  that  MI  I,-r>  1  ial.l  <■  comt  onents  vorc  not  demon¬ 
strably  more  reliable,  that  '  ;n-  •  :orr<  i  c ;  i-omn.  g'l-ial 

‘sometimes  less  so,  if  production  quant  it  ies  were  small . 


vi  -r. ;  ion  , 

Tn  either 


case,  Bendix  cannot  afford  to  let  defective/unreliable  parts  get  to 
the  assembly  area  due  to  the  cost  of  reworking  defective  assemblies. 
Parts  are  in-plant  inspected  and  tested  by  the  vendor;  the  Bendix 
receiving  inspection  and  test  is  a  second  "filter''  and  a  continuing 
check  on  the  vendor's  test  effectiveness. 

•  Blow-through  cooling  air  presents  loss  of  a  contamination  problem 
than  humidity  testing.  Protection  from  both  is  necoed  and  is  pro¬ 
vided  by  suitable  coatings.  Blow- through  cooling  is  by  far  the 
cheapest  way  to  cool  avionics. 

3.1.4  Telephone  Conference  with  Booing  Aero-space 

We  conversed  by  phone  with  the  principal  contributor  to  Boeing's  reply 
to  the  questionnaire,  discussing  at  length  the  rationale  for  Boeing’s  answers 
and  the  availability  of  additional  information.  The  consensus  was  that  we 
had  covered  the  areas  of  profitable  discussion,  and  that,  although  we  would 
be  welcome,  there  was  no  justification  for  a  visit  to  Seattle. 

Boeing's  major  joints  were  as  follows: 

•  At  least  throe  level  r.  of  standardization  will  be  necessary : 

••  Essentially  unmodified  commercial  standard  for  commercial-like 
equipment  in  ;  lanes  like  K-3,  F.-4,  KC-10,  and  similar  future 
aircraft . 

••  Standards  for  difficult  aircraft,  like  fighters  with  limited 

space  or  AWACS-tyt  e  aircraft  with,  large  heat  dissipation  require¬ 
ments.  These  standards  will  have  to  differ  significant ly  from 
ARINC  600  and  may  reogi r<  ;  revisions  for  liquid  or  other  exotic 
cooling. 

••  Aircraft,  between  Hu  •  *  •••<  ••>;*  r.-mes  jrohial.lv  can  jrofit  from 

an  intermediate  standard .  ’Working  to  such  a  standard  would  be 
better  than  trying  to  •!  is  t  h  •  it  her  of  the  other  two  to  fit. 

•  For  aircraft  with  subst  ant  i  a  !  -or.:  1  <  -m*  nt  s  of  mission  equi;  merit,  it 

now  appears  advant ag<  ous  t  •  •  ■:  n  it  <  low— ;  ower-d-  nsity  "logic  card" 

circuits  (with  minimal  cool  is.-:  r  - qui  •  :its)  t  rotri  higher  power 
components  or  circuits  r-  :u  i  r  i  sub.t  a:.t  ial  coniine.  "bogie  card" 
assemblies  probably  would  1  •  r  •  fit  by  .  :  . irate  cool  lire  and  packaging 

standards . 

•  Boeing  currently  uas  t'dA:  etui'.  vcti  act  s.  to  i  nvest  i  gatt  advanced 

cooling  concej  ts  but  i  .  rv  :■  •  an  a  /■  if  away  from  a  final  report  • 

3.2  SURVEY  OF  COOblNO  TKf  'lltif  M ,(  ■< ;  1  i 
1.2.1  Background 

This  section  addresses  tie  t  •  i .  1:  !  i  t  ■  i  in  3.1:.  -1  of  tire  Statement  of 

Work.  it  provides  a  composite  eva  1  uat  ion  of  cool  i  ip  t  •  rhnolooie.s,  se[  arat  ed 


or  dedicated  environmental  control  systems,  and  the  cooling  of  instruments 
and  electronic  components  mounted  or.  or  behind  the  various  cockpit  panels. 

It  was  not  considered  technically  beneficial  to  segregate  such  interdepen¬ 
dent  ,.nd  interrelated  items  for  individual  treatment. 

3.2.2  Review  of  Existing  Avionics  Cooling 

With  only  the  most  minor  exceptions,  the  thermal  environment  in  today's 
aircraft  induces  high  thermal  stresses  in  avionics  equipment.  In  some  air¬ 
craft  the  avionics  may  enjoy  a  favorable  environment  during  normal  flight 
and  then  be  subjected  to  high  thermal  stress  during  ground  operations.  In 
some  aircraft  only  a  portion  of  the  avionics  is  adequately  cooled  in  flight. 

'  hese  conditions  may  be  regarded  as  typical  throughout  the  USAF  inventory 
and  exemplify  the  lack  of  any  serious  standards  for  cooling  avionics. 

Severe  differences  in  the  cooling  environment  cannot  be  associated 
with  any  particular  class  of  aircraft  or  with  any  particular  type  of  cool¬ 
ing.  Even  in  aircraft  equipped  with  high-capacity  vapor-phase  cooling 
systems,  some  of  the  installed  avionics  either  have  been  denied  access  to 
the  cooling  air  by  their  location  in  the  aircraft,  or  the  cool  air  distri¬ 
bution  system  has  failed  to  deliver  sufficient  air  flow  to  the  individual 
boxes.  The  same  conditions  have  been  verified  in  aircraft  using  convec¬ 
tion  cooling  (with  or  without  blowers);  it  is  typical  for  some  locations 
to  receive  no  cooling  whatsoever.  It  may  bo  assumed  that  some  of  the  avi¬ 
onics  in  each  aircraft  type-  will  be  tin  victims  of  inadequate  cooling 
arrangements  during  flight  or  ground  operation. 

3.2.3  Current  Approaches  to  Improved  Cooling  and  Reliability 

As  used  in  this  report,  the  term  "current  approaches"  represents  the 
accumulated  efforts  made  by  military  and  civil  users  of  modern  avionics  to 
initiate  improvements  in  avionics  cooling  systems. 

One  of  the  earlier  advancements  was  contained  in  ARINC  Specification 
404,  published  in  1956,  which  cited  the  avionics  cooling  deficiencies  expe¬ 
rienced  since  World  War  IT.  It  prescribed  specified  openings  in  the  equip¬ 
ment  case  and  the  "404  racks"  for  cool  inn  air  to  reduce  equipment  operating 
temperatures.  This  concept  assumed  installation  of  the  avionics  in  the 
cooled  cabin  area  of  the  aircraft,  with  a  vacuum  duct  below  the  equipment 
to  draw  the  cooler  cabin  air  through  t  in  avionics  box.  Specification  404 
was  successful  where  it  was  ap|  lied  --  1  ut  it  was  not  universally  applied. 

As  they  entered  the  transport  fleet,  some  new  aircraft  types  did  not  incor¬ 
porate  the  404  cooling  provisions  and  i-xpi-rii  need  serious  heat  problems 
in  and  around  some  RF  transmitter  units.  This  si  tout  ion  continued  until 
remedial  measures  were  agreed  to  through  tin  Airlines,  electronic  Engineering 
Committee  (AEEC)  actions. 

Today's  panel-mounted  instruments  contain  higher  density  electronics 
and  generate  more  heat  than  the  older  mechanical  instruments.  With  the 
more  recent  introduction  of  cathode  ray  tubes  (CRTs)  into  the  instrument 
panel,  the  resurgence  of  the  heat  problem  can  no  longer  be  ignored.  In 


1976,  ARINC  Specification  408A  (pertaining  to  air  transport  indicator  cases 
and  mountings)  prescribed  methods  for  calculating  the  cooling  requirements 
of  panel-mounted  instruments  and  recommended  the  circulation  of  cooling  air 
to  remove  the  heat. 

Reliability  degradation  due  to  overheating  avionics  was  a  primary 
reason  for  the  AEEC ' s  developing  and  publishing  ARINC  Specification  600 
in  1977  and  600-1  in  1978.  The  ARINC  600  Specification  represents  an  up¬ 
dated  approached  to  avionics  interfaces  and  specifies  more  completely  the 
use  of  forced-air  cooling  in  the  avionics  equipment  racks.  A  companion 
document,  ARINC  Specification  601  (still  in  the  process  of  final  coordina¬ 
tion)  ,  will  prescribe  similar  cooling  arrangements  for  the  "control/display 
interfaces"  —  i.e.,  the  CRTs  and  other  instruments  mounted  in  the  cockpit 
on  the  instrument  panel,  the  pedestal,  or  the  shelves  and  overhead  panels. 
The  specification  also  will  contain  guidelines  for  the  amount  of  allowable 
heat  dissipation  per  cubic  inch.  The  application  of  these  innovations  to 
new  aircraft  entering  the  inventory  should  provide  a  much  improved  environ¬ 
ment  for  cockpit  controls  and  display  devices.  The  Boeing  767  now  in  pro¬ 
duction  will  have  some  degree  of  compliance;  the  A300  Airbus  (now  being 
configured  for  several  U.S.  air  carriers)  probably  will  conform  to  the  ARINC 
600  specification  with  pressurized  and  filtered  air  for  all  avionics,  in¬ 
cluding  the  cockpit  devices. 

The  AEEC  is  currently  working  on  Characteristic  728,  which  covers  the 
provision  of  refrigerated  air  for  the  avionics  during  ground  operation. 

This  is  due  to  be  approved  and  published  during  1980.  In  the  meantime, 
United  Airlines  has  equipped  two  DC-10  aircraft  with  a  refrigeration  sys¬ 
tem  featuring  filtered  air  for  the  avionics.  This  system  is  being  evalu¬ 
ated  primarily  for  ground  operation,  but  it  may  well  be  prescribed  for  in¬ 
flight  operation  also. 

3.2.4  Avionics  Cooling  Technology  of  the  Future 


Almost  all  current  approaches  to  avionics  cooling  have  involved  direct 
heat  transfer  to  the  surrounding  air  or  to  an  air  stream  circulating 
through  the  equipment.  This  form  of  lv-at  transfer  depends  on  a  high-density 
atmosphere  that  is  capable  of  absorbing  large  quantities  of  heat.  In  those 
cases  where  the  avionics  are  installed  in  the  pressurized  and  environmen¬ 
tally  controlled  cabin  areas,  the  air  transfer  can  be  adequate.  To  achieve 
proper  cooling,  the  airframe’  and  avionics  special ists  must  recognize  the 
many  approaches  to  heat  transfer  that  are  available  and  abandon  the  routine 
concept  of  air  circulation  as  the  only  solution. 

3.2.0  Instruments  and  Cock [ it  Display  Devi o_e s 

The  cooling  of  electronic  instruments  installed  in  the  cock: it  remains 
a  weak  link  in  avionics  cooling.  The  problem  lias  bet n  recognized  and  an 
AEEC  subcommittee  on  Instrument  Cooling  and  Mounting  ( IC’M)  was  form'd  in 
1974,  but  agreed  solutions  have  been  slow  in  coming. 
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The  instruments  themselves  were  not  designed  for  efficient  heat  trans¬ 
fer,  and  the  instrument  cases  do  not  provide  sufficient  surface  area  for 
adequate  cooling,  even  at  ambient  room  temperatures.  In  the  confined  spaces 
behind  the  instrument  panel,  with  the  instruments  clustered  as  closely  as 
they  can  be  fitted  together,  overheating  results.  To  achieve  a  degree  of 
short-term  relief,  some  of  the  airlines  have  initiated  a  project  to  provide 
cooling  air  behind  the  panel  by  means  of  small  pipes  or  ducts  routed  between 
the  instrument  clusters. 

3.2.6  Mi litary  Avionics  Unique  Features 


In  military  aircraft,  some  features  are  truly  unique,  and  they  must 
be  considered  in  preparing  for  the  proper  cooling  of  future  installations. 
For  instance,  in  small  high-performance  aircraft,  only  the  cockpit  is 
pressurized  and  temperature  conditioned.  Relatively  few  of  the  avionics 
(beyond  the  controls  and  displays)  can  be  fitted  into  the  cockpit,  but  the 
cockpit  exhaust  air  is  used  for  cooling  equipment  in  adjacent  parts  of 
the  aircraft. 

The  supersonic  military  fleet  presents  a  special  set  of  environmental 
conditions  in  terms  of  both  temperature  and  altitude.  During  supersonic 
flight,  the  skin  of  the  aircraft  may  reach  temperatures  of  several  hundred 
degrees  at  flight  altitudes  above  70,000  feet,  where  the  air  is  unable  to 
absorb  large  quantities  of  heat.  The  most  readily  available  heat  sink 
under  such  conditions  is  the  aircraft  fuel  system.  Since  the  fuel  must 
be  warmed  to  assure  proper  metering  prior  to  injection  into  the  engines, 
the  use  of  the  fuel  as  a  heat  sink  becomes  mutually  beneficial  to  both 
systems.  Heat  transfer  devices  can  ho  introduced  cither  into  the  fuel 
tanks  or  into  the  fuel  lines  feeding  the  engines. 

Another  source  of  possible  avionics  cooling  is  the  liquid  oxygen  sys¬ 
tem.  By  necessity,  the  liquid  oxygen  must  absorb  a  tremendous  amount  of 
heat  to  boil  off  the  gaseous  oxygen  required  for  the  life-support  system. 
Through  proper  design,  the  excess  heat  from  the  avionics  could  be  trans¬ 
ferred  to  the  liquid  oxygen  heat  exchanger. 

3.2.7  Coordinated  Design  Approach  (Internal/External  Consideration s ) 

Avionics  cooling  must  be  approached  as  a  total  problem,  inside  and 
outside  the  box,  from  the  point  of  heat  generation  within  a  single  elec¬ 
tronic  component  to  the  final  transfer  of  that  heat  energy  to  some  dissi¬ 
pative  medium  outside  the  avionics  area,  and  perhaps  outside  the  aircraft. 
Any  approach  that  does  not  include  this  end-to-end  treatment  of  the  heat  - 
removal  problem  should  be  regarded  as  incomplete.  The  progressive  transfer 
of  heat  from  the  component  where1  the  heat  is  generated  to  some  point  cut- 
side  the  avionics  box  or  assembly  may  include  several  steps  with  each  step 
representing  an  identifiable  heat  transfer  operation.  Using  a  .single  com¬ 
ponent  as  the  starting  point,  the  heat  may  be  conductively  transferred  to 
the  ground  plane  of  a  printed  circuit  board,  ''(inductively  transferred  to 
a  heat  pipe  located  internally  within  the  box,  and  conductively  transferred 
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from  the  heat  pipe  to  the  outer  wail  of  the  unit.  From  the  outer  wall  it 
may  be  conducted  to  a  finned  area  for  direct  dissipation  --  or  perhaps  to 
another  heat  exchanger,  with  air,  liquid,  or  vapor  used  as  the  transfer 
medium.  This  totally  integrated  approach,  inside  and  outside  the  avionics 
box,  appears  to  be  the  key  to  providing  improved  coo1 ing  to  the  electronic 
components,  which  is  the  most  important  factor  in  achieving  more  favorable 
operating  temperatures  and  the  greater  reliability  needed  by  both  the  mili¬ 
tary  and  civil  users  of  complex  avionics.  The  following  review  of  the 
individual  heat  transfer  techniques  may  be  useful . 

3.2. 7.1  Convection  Cooling  Technology 

Two  types  of  convection  cooling  are  of  interest  here:  (1)  free  con¬ 
vection,  where  the  air  motion  results  only  from  the  convection  currents 
formed  by  the  hot  air  rising  from  the  heat  source  and  (2)  forced  convection, 
where  the  air  motion  is  primarily  controlled  by  a  fan  or  blower. 

The  primary  problem  associated  with  either  type  of  convection  cooling 
is  the  reduced  air  density  that  occurs  with  increasing  altitude,  causing 
the  atmosphere  to  become  a  less  efficient  heat  transfer  medium  by  factors 
of  3  at  30,000  feet,  6  at  50,000  feet,  and  12  at  70,000  feet.  A  commercial 
airliner's  cabin  and  avionics  bay  is  held  to  a  pressure  altitude  of  5,000 
to  8,000  feet,  providing  a  heat-transfer  capacity  that  is  still  approximately 
80  percent  of  its  sea- level  value.  Convection  cooling  is,  therefore, 
appropriate  to  commercial  transport  aircraft  and,  by  analogy,  to  military 
transports  also. 

In  the  high-performance  military  aircraft  environment,  the  circulation 
of  cooling  air  through  an  avionics  assembly  does  not  represent  the  best 
approach  to  system  cooling.  Even  under  ideal  conditions,  the  cooling  air 
will  contain  some  degree  of  contamination,  and,  over  a  period  of  time,  the 
contaminants  will  become  lodged  or  deposited  on  the  circuit  components. 

This  condition  will  reduce  the  effectiveness  of  the  cooling  system  and  may 
also  produce  a  malfunction  or  a  failure'.  If  the  weapon  system  should  be 
exposed  to  radioactive  particles  suspended  in  the  atmosphere,  the  direct 
ingestion  of  these  particles  into  the  avionics  circuitry  could  induce  a  wide 
variety  of  malfunctions  and  failures.  The  best  assurance  of  internal  clean¬ 
liness  and  adequate  cooling  for  all  electronic  components  is  achieved  through 
designs  that  provide  conductive  cooling  throughout  the  electronic  assembly 
and  internal  heat  transfer  to  the  walls  of  the  enclosure.  This  a)  •{••roach 
requires  no  holes  or  ventilation  ports  in  the  electronics  enclosure.  With 
all  of  the  internal  heat  transferred  to  the  walls,  a  variety  of  available 
heat-exchange  techniques  may  be  employed  to  cool  the  box. 

3. 2. 7. 2  Conductive  Cooling  Technology 

Conductive  cooling  of  electronic  components  and  assemblies  encompasses 
many  techniques.  To  be  effective,  conductive  cooling  philosophy  must  be 
applied  concurrently  with  circuit  design,  circuit  layout,  component  selec¬ 
tion,  manufacturing  methods,  and  system  packaging. 


If  the  metallic  surface  of  a  printed  circuit  board  is  to  be  used  as 
a  conductive  heat-transfer  device,  the  layout  of  the  board  is  critical  to 
its  thermal  transfer  efficiency. 

Use  of  a  thermal  shunt  or  a  conductive  cold  plate  is  an  effective 
technique.  Usually  it  is  a  copper  or  aluminum  part  that  provides  an  effi¬ 
cient  heat-transfer  path,  cooling  the  heat  sources  while  also  leveling  the 
heat  distribution  through  the  electronic  assembly.  A  good  alternative  is 
to  cover  the  entire  printed  circuit  board  with  a  thermally  conductive 
(dielectric)  material.  Typically,  these  new  materials  consist  of  silicone 
rubber  heavily  filled  with  aluminum  oxide  or  beryllium  oxide.  They  cure  at 
room  temperature,  thus  applying  no  thermal  stresses  to  the  electronic  com¬ 
ponents.  For  replacement  of  failed  parts,  the  rubber  material  can  be  cut 
away  and  subsequently  refilled  without  disturbing  the  remainder  of  the 
board.  This  technique  provides  a  good  heat  transfer  path  in  all  directions 
across  the  circuit  board  and  achieves  an  effective  integral  thermal  mass. 

A  castable  epoxy  compound  with  high  thermal  conductivity,  which  cures 
into  a  hard  mass,  is  used  primarily  for  potting  large  heat-producing  com¬ 
ponents  rather  than  for  coating  circuit  boards. 

A  heat  pipe  is  a  thermal  shunt  that  includes  technology  for  imp-roving 
thermal  transfer  efficiency,  such  as  a  liquid-to-vapor-to-liquid  evaporation/ 
condensation  cycle  within  its  internal  structure.  This  device  must  be 
designed,  configured,  and  fabricated  for  each  specific  application.  Heat 
pipes  are  certain  to  play  an  increasingly  important  role  in  the  future. 

Improvements  have  also  been  made  in  the  quality  and  thermal  conduc¬ 
tivity  of  the  silicone  greases  used  for  the  thermal  interfacing  of  flat 
surfaces.  The  best  materials  do  not  drip  or  run  at  any  elevated  operating 
temperatures  and  do  not  dry  out  or  deteriorate  during  prolonged  exposure 
to  a  heated  environment. 

Components  also  found  to  be  useful  are  thermally  conductive  card  guides 
that  will  ensure  efficient  heat  transfer  from  printed  circuit  boards  to  the 
sides  of  an  enclosure,  and  gaskets  made  of  thermally  conductive  materials 
that  can  be  fitted  to  bridge  gaps  between  poorly  mating  surfaces.  The 
proper  materials,  properly  applied,  with  intelligent  layout  and  parts  posi¬ 
tioning  will  ensure  efficient  heat  transfer.  New-generation  avionics  devel¬ 
opment  should  utilize  the  best  technicjues  and  the  best  materials  available 
for  the  efficient  cooling  of  the  equipment. 

3.2.7. 3  Thermo-Electric  Cooling 

Thermo-electric  cooling  devices  exploit  the  Peltier  effect  to  remove 
heat  from  a  thermo-electric  junction  that  is  in  thermal  contact  with  the 
device  to  be  cooled.  The  passage  0f  a  (relatively  large)  electric  current 
through  this  junction  causes  a  corresponding  Peltier  heat  to  be  developed 
simultaneously  at  another  junction  needed  to  complete  the  electric  circuit. 
The  device  is,  in  effect,  a  heat  pump.  Thermo-electric  devices  are  avail¬ 
able  (off  the  shelf)  from  approximately  1/2  watt  to  approximately  r>00  watts 
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of  dissipation  capacity.  They  have  no  moving  parts,  they  are  not  fragile, 
and  their  life  expectancy  should  be  in  excess  of  100,000  hours  if  properly 
installed  and  properly  controlled.  However,  the  efficiency  of  such  devices 
is  inherently  low,  and  the  cost  has  remained  high.  From  a  practical  point 
of  view,  thermo-electric  cooling  appears  best  suited  to  small  heat  sources, 
and,  even  then,  it  should  be  limited  to  some  intermediate  function  in  a 
complete  heat-transfer  chain. 

3.2.8  Opportunities  for  Standardization 

3 . 2 . 8 . 1  Standard  LRU  Conductive  Cooling  Interfaces 

If  good  thermal  design  can  ensure  that  an  avionics  unit  is  effectively 
a  uniform  thermal  mass,  then  the  cooling  interface  can  be  any  sufficiently 
large  area  on  any  of  its  surfaces.  With  good  thermal  contact  to  this  area, 
the  outward  heat  flow  can  be  continued  by  conduction  into  the  next  segment 
of  its  overall  path.  There  are  many  options  for  this  segment:  in  cases 
where  the  avionics  box  is  generating  a  large  amount  of  heat,  an  external 
heat  exchanger  can  be  provided.  Typically,  the  heat  exchanger  would  be  a 
double-walled  structure,  one  wall  of  which  could  be  one  or  more  surfaces 
of  the  avionics  box.  The  heat  exchanger  may  contain  a  flow  of  cooled  air, 
or  it  may  contain  a  circulating  liquid.  If  the  surface  of  the  avionics 
enclosure  is  not  one  of  the  heat  exchanger  walls,  the  flat  surface  of  the 
heat  exchanger  would  interface  with  the  flat  surface  of  the  avionics  box 
to  provide  close  contact.  A  good  quality,  thermally  conductive  silicone 
grease  can  be  used  to  eliminate  any  voids  between  the  two  surfaces.  In 
cases  where  less  heat  is  being  dissipated,  the  heat  exchanger  may  be  a 
finned  structure,  itself  cooled  by  convection. 

In  all  of  the  cases  discussed  above,  the  avionics  box  can  be  the  same 
identical  assembly  (therefore  lendinn  itself  to  complete  standardization), 
while  the  variables  are  a  part  of  the  aircraft  interface  and  normally 
remain  fixed  to  the  aircraft.  This  approach  permits  avionics  standardiza¬ 
tion,  while  accommodating  several  variations  of  air  cooling,  convection 
cooling,  liquid  cooling,  heat  pipes,  or  thermo-electric  cooling. 

Potential  candidates  for  this  type  of  interchangeable  heat  exchanger 
configuration  are  the  new  console-mounted  communications  transceivers  (AN/ 
ARC-164,  AN/ARC- 186 ) .  These  units  also  have  optional  rack  mounting  config¬ 
urations.  To  fit  within  the  standard  console  rail,  these  transceivers  are 
built  up  from  a  series  of  sandwich  sections,  five  inches  square  (nominal). 
Each  section  has  conductive  heat  transfer  out  to  it:;  periphery.  In  current 
installations,  this  periphery  is  cooled  by  convection  --  by  air  blown  over 
the  case  --  but  the  configuration  is  readily  adaptable  to  a  conduction- 
cooled  interface  if  this  were  to  be  provided  in  the  aircraft.  This  inter¬ 
face  could  be  in  the  form  of  an  instrument  bay  rack  mounting,  an  actively 
cooled  console  mounting,  or  an  actively  cooled  main  instrument  panel  mount¬ 
ing  for  a  five-inch-square  display  instrument.  Other  standar idzed  unit 
sizes  could  follow  the  same  concept. 


3 . 2 . 8 . 2  Cooling  Standardization  for  the  High-Performance  Aircraft 

An  effective  avionics  PME  standard  must  address  the  problem  of  the 
high-performance  aircraft.  It  can  do  so  by  developing  a  practical  defini¬ 
tion  of  a  mutually  acceptable  thermal  interface.  In  this  way,  the  avionics 
designer  is  tasked  with  delivering  no  more  than  X  watts  per  unit  area  when 
the  heat-transfer  interface  is  at  Y  degrees  of  temperature ,  and  the  aircraft 
environmental  system  designer  is  tasked  with  maintaining  the  heat  transfer 
interface  at  no  more  than  Y'  degrees  of  temperature  while  it  is  emitting 
no  less  than  X’  watts  per  unit  area.  The  differences  ( X 1  — X )  and  (Y-Y1) 
represent  operating  margins  and  testing  tolerances.  The  form  and  fit 
definitions  for  the  avionics/aircraft  interface  must  then  provide  suffi¬ 
cient  interface  area  for  the  necessary  power  dissipation  for  each  unit, 
and  good  thermal  contact  to  both  sides  of  the  interface.  MIL-HDBK-251 , 
and  research  and  investigation  into  the  relationships  between  the  relia¬ 
bility  and  the  operating  temperature-  of  avionics  components  provide  the 
basis  for  a  logical  determination  of  the  interface  parameters  and  support¬ 
ing  trade-off  analyses. 

3.3  U.S.  NAVY  PME  PROGRAM 

As  a  part  of  our  review  of  the  state-  of  the  art  in  PME  interface  con¬ 
cepts,  we  reviewed  the  U.S.  Navy  Modular  Avionics  Packaging  (MAP)  Program. 
This  program  is  an  integrated  effort  to  satisfy  requirements  of  future 
avionics  systems  from  the  component/device  level  through  the  interface  of 
the  avionics  with  the  aircraft  and  its  integral  systems.  The  intent  is  to 
evaluate  alternative  concepts  and  develop  standard  mechanical,  electrical, 
and  thermal  interfaces  for  modules,  integrated  racks,  and  other  avionics 
enclosures.  The  program  began  in  FY  1977  and  is  scheduled  for  flight  test¬ 
ing  of  developed  hardware  in  FY  1982.  The  Standard  Avionic  Module  (SAM) 
concept  is  an  integral  part  of  the  MAP  Program. 

Current  planning  has  selected  the  Improved  Stand  ird  Electronic  Module 
(ISEM)  2A  as  a  primary  candidate.  The  size  of  this  module  is  1.68"H  * 

5 . 74"W  ’  U.29"D  (0.4"  permitted  where  required).  Racking  is  to  be  36"H  * 

28"W  having  multiple  subsystems  implemented  by  the  ISEM  2A  packages.  Direct 
air- impingement  cooling  of  the  ISEM  2A  modules  will  be  used  with  85°C  junc¬ 
tion  temperature  and  20  watts  per  moduli  as  a  goal.  Zero  Insertion  Force 
(7, IF)  and  Low  Insertion  Force  (LIF)  connectors  have  boon  investigated,  with 
the  LIF  connector  currently  considered  more  advantageous  because  of  the 
excessive  contact  resistance  and  lack  of  cleaning  action  in  the  ZIF  con¬ 
nectors.  Data  interfaces  will  be  by  high-sped  (10  MP/S  to  200  MB/S)  multi¬ 
plex  busses.  The  principal  problem  experienced  to  date  is  in  achieving  the 
desired  50  percent  weight  and  volume  reduction  while  using  standard  modules 
and  racking. 

Our  review  of  the  MAP  program  indicates  that,  even  t hough  the  objectives 
are  similar  to  those  of  the  USAF  and  civil  PME  standardization  programs,  the 
methods  selected  for  implementing  the  concept  arc  not  compatible  either  with 
USAF  architectural  concepts  or  with  APING  The  major  cause  for  incom¬ 

patibility  is  the  importance  given  to  the  I;  KM  j  rogran  and  the  use  of  the 
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ISEM  2A  module  as  the  building  block  of  the  Navy  program.  AKINC  600  re¬ 
quirements  standardize  at  the  avionics  subsystem  level,  with  the  smallest 
module  (or  increment  between  successive  sizes  of  modules)  sufficient  to 
house  30  or  more  ISEM  2A  modules.  The  MAP  approach  selected  by  the  Navv 
is  targeted  to  minimize  the  unique  logistic  and  maintenance  problems  asso¬ 
ciated  with  avionics  for  carrier  or  other  shipborne  aircraft.  While  this 
is  an  important  objective  for  the  Navy,  the  problems  are  not  shared  by  all 
users  of  avionics.  Thus,  while  some  of  the  technologies  addressing  cooling, 
connectors,  and  other  mechanical  aspects  of  the  PME  concept  may  be  shared, 
there  does  not  seem  to  be  a  case  for  a  direct  application  of  MAP  for  USAP 
use.  Earlier  USAF  studies  found  that  the  use  of  standard  electronic  modules 
is  economically  attractive  only  in  limited  cases  (e.g.,  ground  support 
equipment  and  selected  aircraft  applications) .  It  limits  the  avionics 
designer's  flexibility  in  his  pursuit  of  optimization.  Another  drawback 
to  MAP  in  its  current  status  is  that  it  fixes  rack  size  and  allows  no 
installation  flexibility  for  the  airframe  manufacturer. 

3.4  OVERVIEW  OF  THE  FINDINGS  OF  THE  SUPPORTING  STUDIES 

On  the  basis  of  the  [  receding  discussions  and  the  results  of  the 
industry  survey,  we  can  draw  several  conclusions  concerning  both  technical 
and  business  aspects  of  a  USAF  PME  standard.  The  subject  of  cost-benefit 
relationships  will  be  dealt  with  in  Cha;  ter  Four. 

As  we  explained  in  Chapter  Two,  ARTNC  500  and  700  series  avionics 
equipments  have  different  degrees  of  direct  usability  in  USAF  aircraft. 

In  most  cases  (except  where  space,  environment,  or  performance  prohibit 
it),  adaptability  can  be  achieved  through  modification,  interface  accommo¬ 
dation,  waiver  of  standards,  or  changes  in  the  procurement  process.  These 
caveats  can  be  burdensome  and  frequently  lead  to  a  decision  to  pursue  a 
military  solution  unless  there  is  a  clear  and  convincing  cost  argument 
to  the  contrary.  Unfortunately,  this  usually  creates  a  new  and  individual¬ 
ized  piece  of  USAF  equipment .  A  USAF  PME  standard  similar  to  the  ARINC 
standards  could  be  the  prime  solution  to  this  problem. 

The  consensus  among  industry  nu  mbers  surveyed  is  that  a  USAF  PME  stan¬ 
dard  is  an  acceptable  way  to  gain  many  of  the  standardization  benefits 
associated  with  the  ARINC  standards,  without  being  dependent  on  adaptations 
of  airlines  avionics.  This  approach  also  apt  ears  to  enhance  the  current 
USAF  standardization  thrust  by'  providing  for  cross-system  standardization 
as  well  as  standard!  zat.i on  for  a  sinal"  ;.--st<  n.  The  concept  extends  from 
boxes,  racks ,  plugs,  test  equipment  and  procedures ,  to  training  and  mainte¬ 
nance  practices,  installation  design,  modification  processes,  and  specified 
items .  It  also  enhances  the  [ot<ntial  for  commonality'  in  many  other  areas 
across  multiple  [  latforms :  power  sources,  environmental  control  sources, 
ducting,  porting,  space  efficiency,  wiring  design,  and  similar  avionics 
per  ij  herals. 


Specific  conclusions  are  as  follows: 


1 

i] 
iJ 
J 

1.  Sizing  is  the  main  point  of  contention  associated  with  a  PME  stan¬ 
dard.  AR1NC  404A  and  600  Standards  are  considered  "freauently  too  ] 

large,"  especially  for  space-constrained  fighter-type  aircraft.  J 

Sizing  in  a  USAF  PME  standard  should  accommodate  generalized  needs. 

While  a  single  standard  would  be  economically  preferable,  multiple  , 

standards  may  be  necessary  to  service  the  full  range  USAF  needs.  j 

Perhaps  some  combination (s)  of  USAF  and  commercial  sizing  would  ‘ 

be  possible  to  permit  cross-fit  of  equipments.  The  order  of  pri¬ 
ority  in  size  concern  appears  to  be:  first,  hoialit;  second,  j 

length.  Width  was  not  mentioned  as  a  concern.  .  j 

2.  The  next  most  severe  contention  centers  around  environmental  con¬ 
trol,  which  would  require  design  to  maximize  long-term  benefits 

of  current  and  future  techniques.  If  designed  and  implemented  .  j 

carefully,  an  environmental  standard  could  benefit  not  only  the 

prime  users  (such  as  the  F-16  and  F— 111)  but  also  those  who  would 

achieve  environmental  control  as  a  bonus.  While  qood  environmental 

design  parameters  certainly  do  not  lower  design  and  acquisition 

costs,  they  do  provide  lower  peak  operating  temperatures,  which, 

in  turn,  reduce  equipment  failure  rates  and  hence  operating  and 

support  costs. 

i .  while  the  us'  of  a  TMK  standard  generates  significant  advantagrs, 
expanding  tin.  tone  pt  from  on.  of  form,  fit  (F  )  ,  and  environment, 
to  one  of  form,  fit,  function  (F  ),  and  environment  introduces  the 
notion  of  functional  standardization,  which  has  been  widely  dis¬ 
cussed  but  only  occasionally  implemented  in  the  USAF.  The  benefits 
achieved  through  the  comljinai ion  of  box  and  functional  standardiza¬ 
tion  are  synergistic:  both  Hv  user  and  t  he  avionics  industry 
•  n. joy  not  only  continuing  comi  edition,  interchangeabil ity,  maturity, 
and  ease  of  modification,  I  at  also  the  convenience  of  a  well 
established,  recognized ,  and  ace  j  ted  disci; line  that  encourages 
its  own  use. 

4.  PME  standardization  can  be  a; plied  to  any  class  of  avionics  as  a 
"box"  standard.  Functioii.il  standardization  should  probably  la 
limited  to  common  mature  avionics  functions;  it  should  bo  extended 
to  mission  avionics  only  when  an  equivalent  stage  of  maturity  is 
reached.  In  short,  F'  can  be  applied  to  all  avionics;  F3  should 
probably  be  limited  to  common  functions  and  less  complex  mission 
avion i cs . 

5.  While  PME  standardization  techniques  are  appropriate  for  all  USAF 
aircraft,  the  cono-pt  of  an  entire  avionics  system  overhaul  just  to 
incorporate  n>  w  standards  in  .  xisting  aircraft  does  not  se.-m  to 
b<  reasonable.  Wher.  entirely  new  avionics  suites  are  being  con¬ 
sidered  for  retrofit,  as  in  the  case  of  the  B-  r-2  or  the  F-4G, 
b'-tn  fits  may  be  derived  from  a:  j  lying  PME  standardization.  This 
would  need  to  be  determined  on  an  aircraft -by- a i rc raft  basis  after 
the  basil-  PME  acquisition  and  installat  ion  cost  has  been  ascer¬ 
tained.  For  new  .aircraft,  u.  •  of  PME  standards  would  b.  an  inti 
gral  part  of  the  desion  ;  roc  s:. ;  tills  at  pears  to  be  a  reasonablt 
;lac-  to  initiate  the  conce; t . 


6.  Convection  cooling  continues  to  serve  the  commercial  airlines 
needs  because  of  the  availability  of  pressurized  and  conditioned 
cabin  air  and  the  acceptability  of  low-density  avionics  packaging. 
Military  aircraft  designs  have  continued  to  use  convection  cool¬ 
ing  for  most  avionics  installations  in  spite  of  the  perf ormance 
shortcomings  that  occur  under  some  military  operating  conditions 
and  the  dense  component  packaging.  Alternative  techniques  for 
removing  excess  heat  from  avionics  components  have  been  amply 
demonstrated  in  mission-equipment  installations  where  forced-air 
cooling  is  not  sufficiently  effective.  Advanced  environmental 
studies  are  in  process  in  the  industry.  If  results  are  available 
in  time,  they  deserve  assessment  before  decisions  are  made  on  USAF 
PME  environmental  control  features. 

7.  Vibration  standards  and  the  qualification  testing  relating  to  them 
need  to  be  reconsidered  in  conjunction  with  potential  shock¬ 
mounting  techniques.  Vibration  isolation  for  a  complete  avionics 
box/rack  combination  presents  qualification-test  problems;  hard 
mounting  is  preferable,  but  vibration  test  conditions  appropriate 
to  specific  aircraft  and  box  locations  should  be  specified.  The 
current  method  of  generalizing  requirements  frequently  leads  to 
over-specifying  qualification  tests  and,  consequently,  the  equip¬ 
ment  itself.  Benefits  could  be  achieved  in  the  form  of  lower  cost 
for  production  and  qualification  tests. 

8.  Quality  control  requirements  for  piece-parts  create  cost  conditions 
for  military  equipments  that  arc  not  necessarily  incurred  in  the 
commercial  process.  The  higher  ['rice  of  military  quality  control 
does  not  necessarily  lead  to  better  quality,  however. 

9.  MTBF  guarantees  prove  to  be  an  excellent  incentive  for  a  contractor 
to  achieve  proper  design  for  good  per formance .  However,  an  RIW 
goes  further,  giving  the  manufacturer  a  continuing  opportunity  to 
improve  equipment  performance  if  he  chooses  to  --  or  needs  to  -- 

to  forestall  a  degradation  of  his  equipment.  In  short,  he  has  the 
latitude  under  RIW  to  improve  equipment  performance  as  needed  or 
desired . 

10.  Purchase  cost  comparisons  between  military  and  commercial  equip¬ 
ments  are  generally  not  valie  because  of  difficulties  encountered 
in  identifying  comparable  prices.  The  basis  of  ['rice  for  commer¬ 
cial  units  may  include  indirectly  allocated  overhead  functions, 
for  example,  while  military  costs  may  include  inventory,  training, 
data,  and  other  support  functions  of  a  totally  different  nature. 
Under  those  circumstances,  direct  cost  comparisons  are  unreliable. 


3-17 


CHAPTER  FOUR 


COST-BENEFIT  ANALYSIS 


4.1  INTRODUCTION 

This  chapter  outlines  the  methodology  and  preliminary  findings  of  our 
examination  of  the  economic  and  other  benefits  associated  with  standardiza¬ 
tion  of  avionics  equipment  packaging,  electromechanical  interfaces,  and 
environment  control.  The  basic  quantitative  trade-off  is  between  the  cost 
and  the  benefits  of  implementing  such  standards.  The  benefits  would  be  in 
terms  of  reduced  operating  and  support  (Ot.S)  costs  brought  about  by  improved 
equipment  availability,  reduced  acquisition  cost,  and  reduced  modification 
cost  achieved  by  exploiting  the  interchangeability  capability  in  successive 
equipment  generations  and  replications. 


4.2  APPROACH 

We  reviewed  several  avionics  life-cycle-cost  (LCC)  models  used  by  or 
for  the  USAF.  It  was  readily  apparent  that  the  level  of  input  detail  that 
each  of  these  models  required  far  exceeded  the  data  available  for  this 
analysis.  Further,  the  models  were  not  structured  to  permit  parametric 
analysis  of  specific  key  variables.  It  was,  therefore,  more  expedient  to 
create  a  specialized  model  for  our  purpose  rather  than  modify  an  existing 
one . 


A  proposed  avionics  packaging,  mounting,  and  environment  standardiza¬ 
tion  policy  must  be  evaluated  for  a  wide  cross-section  of  equipment  and 
aircraft  types.  Typical  avionics  LCC  models  detail  the  buildup  of  costs 
through  the  development,  test,  and  operational  life  of  a  system.  Our 
avionics  PME  standardization  cost-benefit  model  addresses  the  cost  elements 
that  are  related  to  the  avionics  subsystem  in  many  aircraft  typos,  inducting 
their  successive  modifications.  The  potential  cost  saving  is  the  difference 
between  -the  payback  elements,  such  as  lower  acquisition,  0.-..4 ,  and  modifica¬ 
tion  costs,  and  the  added  costs  for  initial  design,  engineering,  testing, 
avionics  bay  structure  elements,  etc.  To  hold  the  work  of  developing  those 
inputs  to  a  level  of  effort  commensurate  with  the  resources  of  this  study, 
we  established  plausible  boundaries  within  which  a  given  inj ut  could  vary. 
Sensitivity  analyses  then  were  used  to  determine  if  that  cost  element  was 
significant  to  the  overall  LCC,  and  thus  whether  data  collection  would  he 
worthwhile . 
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In  understand. mu  out  [  roacn,  it  3  s  important  to  rocoqmze  the  funda¬ 
mental  difference  between  the  i olentiai  benefits  of  PME  standardization  and 
those  obtained  by  the  prevalent  form  of  standardization  in  the  military, 
i.e-,  the  use  of  standard  (OFF)  avionics.  .'".any  of  the  benefits  of  standard¬ 
ization  can  he  achieved  ltd- .[  end-  nt  1  v  of  a  •  Mi.  standard,  as  Fiqure  4-1  shows 
For  example-,  use  of  an  existing  military  equi pmon:  as  OFF  for  multiple  air¬ 
craft  types  will  reduct  development  cost,  lr.prov'  the  cost- quantity  discount 
received,  decrease  th<  spares  sufficiency  levels  required,  allow  use  of 
common  support  equipment ,  and  achieve  other  onomie  benefits  that  can  bo 
estimated  by  the  use  of  convent  i  on«  1  he'd  techniques.  While  a  PMil  standard 
would  make  wider  appl  i-cation  >f  OFF  t<'chnicai  ]  y  inch  easier,  it  is  not  a 
prerequisite  to  the  use  of  -  ;!'F  for  standardization  jurioses.  Obviously,  if 
GFE  standardization  were  to  s:  road  across  equipments  to  the  extent  that 
common  boxes,  connectors,  hold  downs ,  <-tc. ,  wore  used,  it  would  in  itself 
result  in  a  form  of  PME  standardization.  ho  late,  however,  the  GFh  stan¬ 
dardization  approach  has  achieved  intra-system  standardization  and  not  the 
inter-system  standardization  that  von la  come  from  the  PME  approach.  Our 
analysis  task  was  to  isolate  those  additional  benefits  that  would  accrue  if 
one  or  more  of  the  PME  standardization  alternatives  v.vro  implemented  and  to 
determine  if  it  would  lie  worthwhi  !--  for  the  i'dAF  to  take  ste;  s  to  s;  read 
such  standardization  concents  a.  :-  1  «<th  nvst  -ms  and  aircraft. 
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We  have  focused  our  analysis  on  implementation  opportunities  in  new 
installations,  i.e.,  in  a  new  production  lot  for  an  existing  airframe  or 
as  the  architectural  approach  for  an  aircraft  currently  in  the  conceptual 
stage.  While  retrofit  applications  represent  a  much  larger  set  of  require¬ 
ments,  they  also  would  be  more  costly  to  implement.  Some  inferences  on  the 
retrofit  cases  are  discussed  later  in  this  chapter.  We  assumed  that  the 
earliest  date  of  implementation  for  any  of  the  PME  standardization  alter¬ 
natives  would  be  1985. 

4.2.1  Methodology 


We  first  established  a  disciplined  framework  for  examining  quantita¬ 
tively  and  qualitatively  the  benefits  associated  with  each  of  the  standard¬ 
ization  alternatives.  A  general  purpose  computer  was  used  to  establish  a 
systematic  computational  scheme,  as  indicated  in  Figure  4-2.  The  PME  cost- 
benefit  model  uses  three  primary  data  bases  and  a  set  of  control  inputs  for 
parametric  analyses.  The  model  computes  delta  costs  --  that  is,  the  differ¬ 
ence  between  the  cost  of  conventional  acquisition  and  support  of  military 
avionics  equipment  and  that  cost  if  the  PME  standardization  alternatives 
selected  for  this  study  were  being  applied.  These  alternatives  are: 

•  Avionics  LRU  Packaging  Standard 


This  standard  would: 

a.  define  a  set  of  preferred  dimensions,  and  multiples  thereof, 
to  be  used  interchangeably  as  the  height,  width,  or  depth 
of  each  LRU,  with  no  constraint  on  the  mounting  attitude 

b.  limit  the  permitted  power  dissipation  per  unit  volume  of 
the  LRU  to  a  level  that  is  compatible  with  readily  achiev¬ 
able  cooling-air  temperatures  and  flow  rates 

•  Aircraft  Ra  :k/Moun ting/Intor face  Standard  for  Avionics 

This  standard  would: 

a.  define  a  required  LRU  rack/mounting  attachment  method 

b.  define  a  set  of  required  rack/mounting  attachment  inter¬ 
face  dimensions  and  tolerances  to  ensure  mechanical 
interchangeability  with  all  other  1  ike-sized  avionics  LRUs 

c.  define  an  electrical  interface  st mdard  (i.e.,  connector 
size  and  style  and  specific  pin  voltage  and  signal  stan¬ 
dards)  for  each  common  avionics  function 

■  Avionics  Environment  Standard  in  Aircraft 

This  standard  would  define  the  efficiency  of  avionics  cooling 
(and  possibly  other  critical  avionic:,  env i ronit  n tul  parameters) 
required  to  be  achieved  by  any  aircraft  •  nvi  r"u::i>  itnl  system  quali¬ 
fied  for  USAF  acce|  tanec.  Coo) mq  air  inlet  t •  n;  "natures  and  flow 
rates  would  be  specified  as  functions  of  tin  design  electrical  (heat) 
load,  design  margin,  and  growth  factor  allovsn,.-.  . 
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Figure  4-2.  FLOW  DIAGRAM  OF  PME  COST-BENEFIT  MODEL 

•  Avionics  Common  Power  Standard 

This  standard  would  defint.  a  standard  of  electrical  power 
supply  and  electrical  power  regulation  specifically  adapted  for 
avionics  service.  First-line  protection  of  avionics  circuits  from 
over-voltages ,  sustained  outages,  noi  ,  and  hi  :h-vol fa  i-  s:  ik"s 
would  be  the  responsibility  of  the  el'-ctric  power  system  design. 

•  Avionics  Packaging,  Mounting, _ and  Environment  uT'.E)  .standard 

This  standard  would  define  a  composite  of  all  of  the  above- 
standards:  Live  packaging,  rack  mounting,  interface,  environment , 
and  common  power. 

i’ho  model  perform:.  i/.'P  payback  com:  stations  for  •  uch  of  t:h-  s'undurd- 
ization  a  L  tornatives  and  for  <•.•»<:}:  <  •  J  .a ; ;  ;  of  air?,rnft.  The  fol  loving  basic 
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LCC  results  or  Cost-bstimatmg  Relationships  documented  in  other  studies 
performed  for  the  USAF  were  used  to  establish  baseline  costs  for  each  of 
these  categories.  Weighting  factors  then  were  applied  to  describe  the  esti¬ 
mated  change  in  cost  that  would  occur  if  each  of  the  standardization  alterna¬ 
tives  were  implemented. 

Output  from  the  model  provides  payback  estimates  on  a  yearly  basis  and 
on  an  aircraft  lifetime  basis  and  discounted  values  for  these  estimates.  It 
should  be  kept  in  mind,  how.  vcr,  that  it  is  the  relative  ranking  of  the 
standardization  alternative.  ,  rather  than  absolute  values,  that  is  meaningful. 

4.2.2  Aircraft  Applications 


First  we  reviewed  thi  USAF  Avionics  Planning  Baseline  (September  1979) 
document  to  determine  a  reasonable  implementation  scenario  for  the  standard¬ 
ization  alternatives.  On  the  assumption  that  the  development  and  adoption 
of  any  standard  having  a  widespread  impact  would  take  several  years  and  that 
production  lead  times  require  an  equal  amount  of  time  for  implementation,  we 
selected  1985  as  the  initial  implementation  date.  Potential  applications  of 
PME  standardization  to  new  aircraft  that  are  planned  for  introduction  beyond 
that  date  are  shown  in  Figure  4-3.  It  may  be  seen  that  such  applications 
total  just  under  1,200  through  1994  (the  limit  to  which  planning  data  are 
available).  This  is  less  than  15  percent  of  the  total  active  inventory 
(force)  that  the  USAF  has  maintained  over  the  past  few  years;  however,  these 
aircraft  represent  attractive  initial  targets,  as  their  avionics  configura¬ 
tions  have  not  been  finalized.  Further,  these  aircraft  form  a  threshold  case 
for  payback  analysis  —  the  per-aircraft  benefits  should  be  roughly  equiva¬ 
lent  to  those  that  would  be  obtained  for  the  current  inventory  aircraft, 
while  the  investment-cost  increment  should  be  less. 

For  analysis  purposes,  wc  have  grouped  these  aircraft  into  the  follow¬ 
ing  three  generic  classes  according  to  performance  characteristics: 

•  High-Performance  Tactical  -  The  only  member  of  this  class  identified 
in  future  plans  for  aircraft  is  the:  Advanced  Tactical  Reconnaissance 
System  (ATRS) .  There  is  no  firm  decision  on  the  configuration  of 
this  system,  which  is  a  replacement  for  the  aging  RF-4C.  There  is 
still  a  possibility  that  an  unmanned  aircraft  may  fill  this  role. 
However,  there  are  other  future  high-performance  tactical  aircraft 
that  are  likely  to  create  applications  of  tins  order  of  magnitude 
(e.g.,  an  advanced  tactical  fighter  or  interceptor),  but  they  have 
undefined  quantities. 

•  Tactical  Attack/Observation  -  Til.  FAC-X  represents  the  largest 
potential  application  in  this  category.  Tin.  manifestation  of  this 
concept  could  range  from  the  current  A-lu  or  similar  aircraft  to  a 
light  aircraft  similar  to  the  current  OV-10.  We  have  grouped  in 
this  class  also  the  HH-X,  a  replaceim  nt  for  the  current  rescue  heli¬ 
copters,  as  its  avionics  and  ot  ..  rational  environments  are  similar 
even  though  its  air  fmmi  is  different. 
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•  Cargo/Transport  -  Military  aircraft  in  this  category  are  frequently 
derived  from  commercial  passenger-carrying  airframes.  Even  if  not, 
they  offer  much  more  liberal  tolerances  for  installation  of  avionics 
than  do  the  aircraft  in  the  previous  two  categories.  We  have  grouped 
together  for  analyses  purposes  the  CX/TAMA,  the  RC-X,  (replacement 
for  the  RC- 135) ,  and  the  Cruise  Missile  Carrier  (CMC) . 

4.2.3  .Representative  Avionics  and  Costs 

The  avionics  equipments  for  the  aircraft  types  listed  above  are  not 
defined.  It  is  possible,  however,  to  make  reasonable  inferences  on  the 
basis  of  the  equipment  types  installed  on  the  aircraft  they  are  intended  to 
replace.  We  synthesized  representative  current-technology  avionics  suites 
and  costs  for  the  three  generic  classes  of  aircraft.  Most  of  our  acquisition 
and  O&S  data  were  derived  from  a  recent  LSC  analysis  of  the  F-16  avionics.* 
Our  modification  and  installation  costs  were  estimated  by  the  use  of  AVSTALL 
methodology  developed  by  ARINC  Research  for  the  NAVSTAR  GPS  Joint  Program 
Office.**  Other  estimates  were  either  scaled  from  these  values  or  taken 
from  published  commercial  or  government  price  lists. 

The  avionics  suites  that  we  used  as  baseline  cases  are  shown  in  Table 
4-1;  only  systems  that  would  be  affected  by  PME  standardization  were  included. 
For  example,  we  did  not  address  antennas,  displays,  controls,  and  similar 
non-racked  equipment.  The  three  categories  of  equipments  shown  in  Table 
4-1  are  explained  as  follows: 

•  Communications  and  Radio  Navigation  Systems  -  These  systems  are 
common  to  most  aircraft,  although  the  mix  differs  slightly  depend¬ 
ing  on  the  aircraft's  operational  use.  Those  avionics  are  charac¬ 
terized  by  relatively  low  cost  and  mature  technology. 

•  Mission-  or  Aircraft-Unique  Systems  -  These  systems  are  typically 
high-cost  and  vary  extensively  from  aircraft  to  aircraft.  There 
is  significant  architectural  interdependence;  i.e. ,  the  use  of 
outputs  from  one  subsystem  are  used  as  inputs  to  another.  There¬ 
fore,  when  modifications  are  made  to  one  LRU,  several  others  are 
often  affected. 

•  Environmental  Control  System  -  This  was  considered  as  a  separate 
cost  element  since  it  figures  centrally  in  two  of  the  standardiza¬ 
tion  alternatives. 

The  costs  we  developed  as  input  values  to  the  PME  standardization  model 
for  the  representative  aircraft  and  avionics  suites  are  shown  in  Table  4-2. 

It  should  be  noted  that  costs  in  the  area  of  mission-  or  aircraft-unique 
systems  predominate.  This  suggests  that  to  have  a  significant  impact  on 
overall  avionics  LCC  cost,  future  PME  standards  cannot  be  confined  to  those 


*F-16  Logistics  Support  Cost  Status  Report:  (PL  76A2),  12  March  1979,  General 
Dynamics . 

*  * Av ionics  Installation  (AVSTALL,)  Cost  Model  lor  User  Equipment  of  NAVSTAR 
GPS,  ARINC  Research  Publication  1727-04-9999 ,  June  1979. 
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Table  4-1.  BASELINE  AVIONICS  SUITES 


Aircraft  Type 

System 

Component 

High-Performance 
Tactical  Aircraft 

Communications  and 
Radio  Navigation 
Systems 

VHF  R/T 

UHF  R/T 

Interphone 

IFF  R/T 

TACAN  R/T 

ILS  RX 

Mission-Unique  or 
Aircraf t-Unique 

Systems 

Radar 

Video  Receiver 

Heads-Up  Display 

Fire  Control  Computer 
Inertial  Navigation 
Blanker 

ECM  RX 

Signal  Processor 

Environmental  Control 
Systems 

Entire  System 

Observation/Attack 

Aircraft 

Communications  and 
Radio  Navigation 

System 

VHF  A.M/FM  (2) 

U1IF  R/T 

HF  Radio 

Interphone 

IFF  R/T 

TACAN  R/T 

ILS  RX 

Mission- Unique 

Systems 

ECM  RX 

Blanker 

Environmental  Control 
Systems 

Entire  System 

Cargo/Transport 

Aircraft 

Communications  and 
Radio  Navigation 

System 

VHF  AM./FM  (2) 

UHF  R/T 

HF  Radio  (2) 

Interphone 

IFF  R./T 

TACAN  R/T 

ILS  RX  (2) 

Mission-Unique  or 

Air era  ft- Unique 

Systems 

Weather  Radar 

Radio  Altimeter  (2) 
Ground  Proximity 

INS  (2) 

Environmental  Control 
System 

Entire  System 

-B 


able  4-J  .  HEPRESEN7ATI VK  AVI  ON ICS  SUITES  AND  COSTS  ( D3LLAkS ) 


Cost  per  Type 


Integration  LR'J 

Engineering  Procuromen' 
Test  and  Data  (Group  b( 


High-Pel 

Communications  and 

Radio  Navigation 

VHP  Receiver /Transmitter 

^6,'JO 

UHF  Receiver/Transmitter 

107,000 

Interphone 

60,000 

IFF  Recei ver/Tr an snu  t  ter 

107,000 

TACAN  Receiver/Transmitter 

272,000 

ILS  Receiver 

84 ,  .JOu 

Total 

726,  u:.o 

Mission- Unique  or 

1 

Aircra' t- Unique 

Radar 

1,6=5  , 00  * 

Video  Receiver 

1  7'i,  :0  : 

Heads-Up  Display 

312 ,  HU 

Fire  Control  Computer 

35=i ,  JOO 

Inertial  Navigation 

4  3  j,  i  i.' 

Blanker 

l-’O,  ;■.)  j 

ECM  Receiver 

11  i,U0-. 

Signal  Frocessor 

2  3o,«'.»o 

Total 

3,367,  .O' 

craft 


tali at 


Mat*. 


High-Performance  Tactical  Aircraft 


Operation 
and  Sup}<ort 


Avionics  Update 
Modifications 


Communications  and 

Radio  Navigat  l-'-n 

-.7i F  AM  FM  (2) 

1 

UHF  Receiver /Transmitter 

74 ,  7 

HF  Radio 

17*-,  .  ■ 

Interphone 

4(:  ,  ■  '■ 

IFF  Recoivor/Transmitter 

114,  !-K» 

TACAN  Receiver /Transmit  ter 

163, j00 

ILS  Receiver 

76 , )"■’> 

Total 

74  3,  .)• 

Mission-Unique 

ECM  Receiver 

Blanker 

Total 

fi..> ,  OOu 

' 

1  ,  -> 

Environmental  Control 

46  i,  i 

Commur 

neat  ions 

and 

Radio 

Navigat it 

in 

VHF 

AM/FM  (2) 

UHF 

Rece l ver /Transmi tte: 

HF  F 

U'dlO  ( 2 ) 

Into 

r phone 

IFF 

Receiver /Tran snj tte  i 

TACAN  Receive 

^r /Transmit 1 

ILS 

Recei  ver 

12) 

Total 

equipments  that  are  common  to  all  classes  of  aircraft;  rather,  they  must 
include,  at  least  to  some  degree,  mission  avionics.  Also,  the  environmental 
control  system,  which  has  a  significant  impact  on  the  reliability  perform¬ 
ance  of  the  avionics,  requires  a  substantial  investment  contribution  to 
the  acquisition  and  O&S  cost,  although,  as  shown  later,  its  payback  has 
good  potential  when  associated  with  a  full  PME  standard. 

4.2.4  Modification  Scenario 

Schedules  for  similar  type  aircraft  in  the  Avionics  Planning  Baseline 
and  costs  determined  by  the  AVSTALL  model  were  used  to  synthesize  modifica¬ 
tion  scenarios  for  each  of  the  aircraft  types.  Basically,  our  scenario 
introduces  modifications  to  the  aircraft  on  a  box-by-box  basis  starting 
five  years  after  the  aircraft's  initial  operational  capability  and  contin¬ 
uing  until  five  years  before  its  complete  phase-out.  The  scenario 
postulates  the  eventual  complete  exchange  of  avionics  once  within  the 
lifetime  of  the  aircraft;  variations  on  this  rate  are  explored  in  later 
sensitivity  analyses. 

The  cost  of  modification  has  many  commonalities  with  initial  instal¬ 
lation:  integration,  purchase  of  the  avionics  units,  initial  spares, 

support,  equipment,  etc.  There  are  also  differences,  c.g.,  removing  or 
relocating  LRUs,  modifying  racks,  installing  now  cable  runs,  etc.  The 
method  of  computing  these  differences  is  described,  for  an  illustrative 
case,  in  Section  4.4. 


4.3  WEIGHTING  FACTORS 

The  weighting  factors  are  values  applied  to  the  baseline  values  to 
indicate  the  extent  of  increase  or  decrease  in  cost  resulting  from  a 
standardization  action.  Examples  of  the  weighting  factors  are  shown  in 
Table  4-3;  these  are  the  factors  used  for  the  common  avionics  in  high- 
performance  tactical  aircraft.  If  no  change  from  present  procedures  is 
indicated,  the  value  of  the  weighting  factor  is  unity. 

Most  of  the  weighting  factors  are  based  on  engineering  judgment;  some 
were  developed,  or  influenced  to  some  extent,  by  the*  comments  of  the  air¬ 
frame  and  avionics  manufacturers  whose  opinions  wore  discussed  in  Chapter 
Three.  A  tabulation  of  the  weighting  factors  for  each  of  the  cases  ex¬ 
plored  is  presented  in  Appendix  E.  As  their  quantification  was  highly 
subjective,  little  purpose  would  be  served  by  providing  detailed  rationales 
for  all  the  factors.  We  did  perform  a  sensitivity  analysis  on  them  to 
determine  their  influence  on  results.  This  is  covered  in  Section  4.5.1. 

As  defined  standardization  plans  are  developed,  these  estimated  weighting 
factors  should  be  replaced  by  values  that  command  higher  confidence. 

4.3.1  LRU  Packaging  Standard 

We  anticipate  that  the  existence  of  an  LRU-packaging  standard  would 
cause  the  design  and  acquisition  cost  to  docrcas. • .  This  would  result 
from  the  easier  prediction  of  the  avionics  Lav's  configuration,  particular lv 


with  respect  to  the  establishment  of  installation  methods  and  materials 
(Group-A  provisions)  because  of  the  existence  of  a  standard  form  factor. 

The  impact  would  also  be  reflected  in  the  avionics  units  because  suppliers 
of  the  boxes  and  other  mechanical  components  would  achieve  larger  produc¬ 
tion  economies  and  be  subject  to  greater  competition. 

We  were  unable  to  identify  any  significant  impact  on  reliability 
stemming  from  application  of  a  packaging  standard  that  was  not  accompanied 
by  concurrent  environmental  system  improvements.  Therefore,  we  show  no 
change  over  present  O&S  cost  factors  for  this  standard.  However,  there 
would  be  a  salutory  benefit  on  avionics  update  modification  cost,  because 
space  would  be  more  efficiently  used  within  the  avionics  bay  and  rearrange¬ 
ment  could  probably  be  implemented  more  methodically  with  unit  or  modular 
sizing. 

4.3.2  Rack/Mounting/Interface  Standard 


The  rack/mounting/interface  standard  alternative  requires  LRU  dimen¬ 
sional  standardization  as  a  prerequisite.  All  the  benefits  described 
above  for  the  LRU  packaging  standard  also  apply  to  the  racking/mounting/ 
interface  standard.  The  costs  of  future  modifications  would  be  reduced 
to  a  greater  extent  with  the  existence  of  racks  adaj  table  to  LRU  size 
multiples.  The  requirement  for  adaptor  trays  would  be  virtually  eliminated 
and  the  likelihood  of  major  equipment  relocations  within  the  aircraft  in  its 
later  life  would  be  reduced.  The  continuing  trend  toward  miniaturization 
of  avionics  made  possible  with  VLSI  and  similar  technologies  makes  this  an 
important  consideration. 

4.3.3  Environmental  Standard 


Tlie  provision  of  a  more  effective  environmental  control  system  (ECS) 
by  adherence  to  a  stringent  standard  would  be  expected  to  require  some 
additional  "up  front"  cost  in  integration  engineering  and  testing  and 
to  a  lesser  degree,  in  the  corresponding  installation  materials.  These 
costs,  of  course,  would  be  in  addition  to  current  costs  and  could  vary 
considerably  depending  on  the  aircraft  avionics  environmental  philosophy. 

For  example,  an  aircraft  designed  today  without  an  PCS  might  be  a  suitable 
candidate  for  one  if  standard  environmental  systems  wore  more  routinely 
implementable  and  performance  improvements  promised  cost  paybacks.  In  this 
example,  the  difference  (delta)  would  be  the  full  initial  investment  cost 
of  the  ECS.  On  the  other  hand,  an  aircraft  normally  designed  with  an  ECS 
would  probably  experience  a  smaller  delta  --  the  difference  between  the 
cost  of  the  current  system  and  the  cost  of  meeting  a  more  stringent  envi¬ 
ronmental  standard.  In  this  example,  payback  would  doubtless  occur  in  a 
shorter  time  than  in  the  first  example. 

According  to  the  avionics  manufacturers  contacted  in  our  survey,  the 
provisions  of  better  cooling  would  nor  cause  them  to  use  less  expensive 
components  in  their  equipments;  rather,  they  would  continue  to  employ 
currently  selected  components,  reaping  the  benefit  of  the  higher  reliability 
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attained  in  the  cooler  environment.  Accordingly,  we  allocated  the  benefits 
of  environmental  standardization  entirely  to  O&S  --  better  reliability 
through  better  thermal  control,  as  described  in  Subsection  4.2.4. 

4.3.4  Full  PME  Standard 


The  full  PME  standard  incorporates  all  the  concepts  explained  in 
Subsections  4.3.1,  4.3.2,  and  4.3.3,  and  likewise  reaps  all  the  benefits 
mentioned  therein.  We  have  conservatively  assumed  the  implementation  cost 
to  be  driven  by  the  environmental  provisions  and,  therefore,  used  the 
weighting  factors  for  engineering,  testing,  and  data,  for  installation 
materials,  and  for  installation  labor  that  we  used  for  the  environmental 
standard  alternative. 

4.3.5  Common  Power  Standard 


The  advent  of  all-digital  avionics  has  increased  the  requirement  for 
"clean"  power.  The  application  of  a  common  electrical  power  standard 
would  generate  only  nominal  cost  for  initial  integration  engineering  and 
testing,  because  the  technology  is  well  understood.  Our  survey  gave 
reason  to  expect  nominal  reduction  in  the  avionics  unit  design  and 
acquisition  cost,  because  of  reduced  internal  requirements  for  power 
conditioning.  The  less  stressful  electrical  environment  should  also 
improve  reliability,  which  would  reduce  OSS  cost,  although  not  to  tin- 
extent  that  we  associated  with  better  cooling.  We  could  find  no  reason 
to  expect  a  change  in  the  cost  of  avionics-update  modification  or  of 
installation  materials  or  labor. 


4.4  ESTIMATION  OF  WEIGHTING  FACTORS 

An  area  of  key  interest  is  the  impact  of  standardization  on  Ot>S  cost, 
particularly  the  impact  produced  by  improvements  to  the  environmental  con~ 
trol  system.  This  is  a  treacherous  area  for  prediction  because  solid-state 
electronics  have  achieved  great  improvements  in  reliability  even  within 
the  current  military  thermal  environments.  Wo  selected  as  our  illustrative 
case  an  advanced  technology  CNI  equipment  --  tin  . Joint  Tactical  Information 
Distribution  System  (JTIDS)  Class  II  terminal.  Figure  4-4  describes  the 
relationship  between  MTBF  and  OfiS  cost  for  this  equipment  when  installed 
in  tactical  aircraft.  This  graph  was  developed  in  a  recent;  LCC  exercise 
performed  for  the  JTIDS  Joint  Program  Office.  In  tin-  insert  are  results 
of  USAF  tests  performed  on  an  improved  version  of  tin  F-l'-  environmental 
control  system.  In  this  example,  the  combined  MTU  I-  of  the  three  units 
cited  (whose  combined  complexity  is  roughly  equivalent  to  JTIDS)  was  found 
to  increase  from  170  hours  to  27G  hours  because  of  the  improved  coo line. 
Translated  into  OSS  cost,  this  ropr<  sonts  a  reduction  from  $1,310  to  $1,080 
per  year,  a  ratio  of  ap]  roximat-ly  0.8.  Wo  employed  this  value  in  our 
input  set.  The  plausible  range  estal lish-d  for  this  factor  was  from  0.  '  to 
0.6.  A  parallel  analysis  by  methods  documented  in  MI 1.-HDBK-217C  indicated 
that  improvements  up  to  304;*  percent  theoretically  could  be  achieved. 
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Figure  4-4.  SUPPORT  COST  WEIGHTING  FACTOR 


The  impact  of  PME  standardization  on  modification  cost  is  examined  in 
more  detail,  because  this  is  considered  to  be  the  area  that  will  yield  the 
most  significant  benefit.  To  estimate  the  differences  in  modification 
costs  for  the  standardization  alternatives,  we  used  the  AVSTALL  model, 
which  provides  CERs  for  installation  or  modification  activities  such  as 
modifying  mounting  shelves,  relocating  LRUs,  and  replacing  major  cable 
runs.  Reducing  or  eliminating  the  need  for  such  actions  when  avionics 
updates  are  made  is  one  of  the  benefits  of  designing  to  a  PME  standard. 

The  extent  to  which  PME  standardization  will  affect  total  modification 
cost  is,  therefore,  of  particular  interest. 

The  postulated  impact  of  each  standardization  alternative  on  modifica 
tion  cost  is  shown  in  Table  4-4  in  qualitative  terms. 


Table  4-4.  POSTULATED  IMPACT  OF  STANDARDIZATION!  ALTERNATIVES  ON 
MODIFICATION  COSTS 


Modification 

Cost  Element 

Cost  Impact  After  Standard 

Is  Implemented 

Full 

PME 

Rack/ 

Mounting/ 

Interface 

LRU 

Packaging 

Environ¬ 

mental 

Common 

Fo’.vc  r 

Engineering/Design 

Le  s  s 

Less 

Less 

Same 

Same 

Test  and  Evaluation 

Same 

Sam^ : 

Same 

Same- 

Same 

A- Kit  and  Labor 

Shelf 

Less 

Loss 

Same 

Same 

Same 

Mounting 

l.  >S  S 

Le  s  s 

L  < >  S 

Same 

Same 

Cable  Run 

Less 

Less 

Same  1 

Sane 

Same 

Cockpit  Panel 

Same 

Same 

Same 

Same 

Same 

Antenna 

Same 

Sarn  1 

Sam*  ■ 

Same  ^ 

Sam*, 

B-Kit 

Le  s  s 

Less 

Less 

Same 

Less 

Support  Equipment 

Same 

Sami  ■ 

San.  • 

Sam*  • 

S  a  nv 

Documentation 

Less 

loss 

Sam 

Sam*  ■  j 

Sam*  .• 

We  used  the  AVSTALL  CERs  to  translate  this  tabulation  into  quant i tati 
terms,  using  the  TACAN  as  a  r  'present  at ive  unit.  Our  computations  for  thi 
-ase  are  described  below. 

The  AVSTALL  cost  model  est im.itcs  the  unit  cost  of  modifying  an  air¬ 
craft  to  install  o;  rcplac*  an  a\  ,  ; , ,  subsystem  or  component.  This  cost 
estimating  relationship  is  characterized  as: 


1 


i 


where 


I 


I 


C  is  the  unit  modification  cost  that  is  to  be  estimated 

C  is  the  cost  of  the  A-Kit,  aircraft-peculiar  mounting,  and  cabling 

Cg  is  the  cost  of  the  avionics  LRUs  supplied 

C  is  the  cost  of  the  labor  to  install 

Lj 

C  is  the  cost  of  enginecring/design 
E 

is  the  cost  of  documentation 

0^  is  the  cost  of  the  prototype  installation 

C  is  the  cost  of  test  and  evaluation  of  the  installation 
T 

n  is  the  number  of  aircraft  modified 

The  value  of  each  cost  element  is  governed  by  the  description  of  the  actions 
required  to  implement  the  modification.  The  descriptors  selected  by  the 
AVSTALL  model  are  as  follows: 


Items 

Mounting  shelf,  rack 
LRU 

Major  cable  run 


Act. '  ms 

Install 


Remove 


Re;  lace 
Relocate 


Modi fy 


Cost  Areas 

Aircraft  modi  fic...tion 
Trainer  modification 
Peculiar  support  equipment 
Spares. 


Aircraft  Typos 

Fighter  and  fighter/bomber 
Heavy  attack 

Light/attack  and  ohsorvat ion/attack 
Bombo r 

Medium- large  transport 
Small  transport 
He  1 i copter 


Tile  cost  elements  that  contri  but  ••  to  and  CT  for  a  tyt  i  a  1  cast  of 
installing  a  single  i.KU  in  a  fighter  aircraft  are  shown  in  Tab-1  •  ■  4-r>. 
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Table  4-5.  AVSTALL  COSTS  FOR  TYPICAL  LRU  INSTALLATION 
ACTIONS  (DOLLARS) 


Action 

Constant 

Term 

Modi f y 
Shelf 

Relocate 

an  LRU 

Replace 
a  Cable 

Install 

a  Cable 

Install 

the  LRU 

CA 

200 

50 

200 

150 

150 

40W 

B 

n  r* 

CL 

0 

365 

1,750 

875 

1,050 

280We 

1  09 

C  =  6.033  (C  ) 

D  A 

Ce  =  100  (CA) 


*Where  =  weight  of  the  LRU  in  pounds. 
NOTE:  Labor  at  $35  per  hour  assumed. 


For  TACAN  (AN/ARN-118) ,  Wg  is  35  pounds,  thus  40WB  =  $280,  and 
280Wb0-8  is  $4,813.  Thus,  Cft  =  $2,150  and  CL  is  $8,853.  The  unit  cost 
of  the  TACAN  Receiver/Transmitter  unit  is  given  as  $8,925. 

From  these  data,  we  calculated  the  modification  cost  for  the  present 
case,  for  a  case  where  an  LRU  packaging  standard  was  applied  (so  that 
shelf  modification  and  LRU  relocation  would  not  be  required) ,  and  for  a 
case  where  a  rack/mounting/interface  or  full  PME  standard  was  applied  (so 
that  mounting  adapter  hardware  would  be  standard  and  cabling  changes 
minimal).  The  resulting  CERs  for  these  cases  are  shown  in  Table  4-6, 
where  they  may  be  compared.  In  the  special  case  where  the  TACAN  LRU  to 
be  installed  is  a  direct  F3  replacement  for  one  being  removed,  the  AVSTALL 
CER  gives  a  cost  of  $305  recurring  and  $23,721  non-recurring,  yielding  a 
unit  modification  cost  of  $400  each  for  250  aircraft.  This  special  case 
was  not  used  in  our  relative-cost  calculations,  but  it  does  underscore 
the  ready  second-source  replacement  flexibility  that  is  provided  by  a  fully 
defined  interface  standard. 

Unit  modification  costs  were  derived  in  the  same  way  for  the  remaining 
LRUs  in  each  avionics  suite.  Table  4-7  shows  these  costs  for  the  communi¬ 
cations/radio-navigation  avionics  for  the  high-performance  fighter,  and 
gives  the  combined  weighting  factors  used  for  that  section  of  our  cost 
model.  Similar  calculations  were  performed  for  the  other  two  classes  of 
aircraft;  they  are  reflected  in  the  weighting  factors  contained  in 
Appendix  E. 


- ■_ 
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Table  4-6.  PREDICTED  UNIT  MODIFICATION  COSTS  (QUANTITY  OF 

2 SO)  FOR  TACAN  LRU  INTEGRATION 

Present 

Practice 

LRU 

Rack/Mounting/ 

CER  Factor 

Packaging 
Standa rd 

Interface 

Standard 

Recurring  Costs 

CA 

S  2,150 

$  1,750 

$  1,600 

CL 

8,853 

5,863 

4,813 

Total  Recurri  ng 

$  11,003 

$  7,613 

S  6,413 

Nonrecurring  Costs 

CD 

$  25,878 

$  20,675 

$  18,751 

CE 

215,000 

175,000 

160,000 

CP 

19,928 

16,538 

15, 338 

CT 

70,505 

59,798 

55,661 

Total  Nonrecurring 

$331, 311 

$272,011 

$249,750 

Unit  Cost  for 

$  12,328 

S  8,701 

$  7,412 

Quantity  of  250 

Cost  Ratio 

1.000 

0.706 

0.601 

Table  4-7.  MODIFICATION  COST  FOR  COMMUNICATIONS/RADIO¬ 
NAVIGATION  AVIONICS  LRUs  (HIGH-PERFORMANCE 
FIGHTER  AIRCRAFT) 

LRU 

Rack/Mounting/ 

LRU  Function 

Practice 

Packaging 

Standard 

Inter face 
Standard 

VHF  Communications 

$  7,408 

$  3,4  30 

$  2,144 

UHF  Communications 

7,475 

3,858 

2,572 

Interphone 

5,946 

2,34  5 

1,065 

IFF  Receiver/ 
Transmitter 

8,636 

4,661 

3,697 

TACAN  Receiver/ 
Transmitter 

12,  32P 

8,701 

7,412 

ILS  Receiver 

7,070 

3,437 

2,145 

Total 

$48,503 

$26,432 

$19,035 

Ratio 


1  .ou 


0.54 


0.30 


4. 5  PAYBACK  ANALYSIS 


Payback,  in  terms  of  military  expenditures,  may  be  interpreted  as  a 
cost  avoidance  value.  All  payback  values  shown  in  this  and  succeeding 
sections  are  displayed  in  the  same  dollar  values  as  the  input,  i.e.,  FY  1975. 
As  discussed  in  the  introduction  to  this  chapter,  however,  it  is  the  rela¬ 
tive  rankings  rather  than  absolute  values  that  are  meaningful. 

The  principal  significance  of  a  payback  analysis  is  the  insight  it 
provides  on  the  recovery  of  investment.  In  this  period  of  tight  money  and 
high  interest  rates,  economic  institutions  place  great  emphasis  on  rapid 
payback.  We  conducted  a  payback  analysis  and  plotted  the  results  on  a 
year-by-year  basis.  The  payback  cost  streams  are  shown  in  Figure  4-5. 
Standard  alternatives  that  have  smaller  "up  front"  cost  and  that  principally 
reduce  acquisition  cost,  produce  quicker  and  larger  paybacks,  and  are 
favored  over  those  that  require  substantial  investment  and  principally 
influence  long-term  logistics  cost.  The  LRU  packaging  standard  looks 
particularly  attractive  from  an  early-payback  point  of  view.  The  environ¬ 
mental  standard  is  not  cost-competitive  because  its  payback  occurs  as 
reduced  O&S  cost,  which  represents  only  a  small  part  of  the  total  LCC 
and  accrues  slowly.  It  also  requires  significant  initial  investment 
and  does  not  impact  future  modification  cost. 

The  slopes  of  curves  in  Figure  4-5  are  driven  by  the  USAF  installation 
and  modification  assumptions  used  as  input.  In  this  subset  of  the  planned 
USAF  force  of  the  late  1980s,  there  are  high  payoffs  for  standardization 
alternatives  that  reduce  future  modification  cost.  The  results  shown  graph¬ 
ically  in  Figure  4-5  are  also  depicted  in  tabular  form  in  Table  4-8. 


4.6  SENSITIVITY  ANALYSIS 

After  exercising  the  model  for  the  three-aircraf t-class  scenario,  we 
explored  the  sensitivity  of  the  LCC  relationships  to  the  weighting  factors 
assumed  and  to  the  frequency  of  avionics-update  modifications  assumed. 


4.6.1  Sensitivity  to  Weighting  Factor  Values  Assumed 


The  results  of  the  analysis  of  weighting  factor  sensitivity  are  dis¬ 
played  in  Figure  4-6.  This  figure  shows  the  net  economic  benefits  of 
implementing  each  of  the  standardization  alternatives  over  the  projected 
force  lifetime.  Plotted  on  the  chart  are  the  results  obtained  when  the 
nominal,  most  optimistic,  and  most  pessimistic  values  of  weighting  factors 
were  used.  Table  4-9  shows  the  ranges  of  the  values  used.  Within  the 
range  of  variance  explored,  the  LRU  packaging  standard,  the  rack/mounting/ 
interface  standard,  and  the  full  PME  standard  are  competitive  and  attrac¬ 
tive  from  an  economic  standpoint. 


The  environmental  standard  and  common  power  standard  provide  paybacks, 
but  not  on  the  same  order  as  the  other  standardization  concepts.  This 
occurs  primarily  because  these  two  concepts  have  a  lesser  cost-reduction 
impact  on  future  modification  cost  than  do  the  other  three  alternatives. 
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Predicted  Cost  Savings  ($  Millions) 


* 


Table  4-8.  PREDICTED  ANNUAL  COST  SAVINGS 

IN  AVIONICS/AIRCRAFT 

INTEGRATION,  OPERATION,  SUPPORT  AND  MODIFICATION 

(THOUSANDS  OF  DOLLARS) 

Year 

LRU 

Packaging 

Standard 

Rack/Mounting/ 

Interface 

Standard 

Full  PME 
Standard 

Common 

Power 

Standard 

Environmental 

Standard 

1985 

0 

0 

0 

0 

0 

1986 

0 

0 

0 

0 

0 

1987 

1,068 

1,019 

-328 

37 

-581 

1988 

682 

642 

271 

309 

-14 

1989 

12,527 

7,800 

1,383 

5,123 

-3,979 

1990 

15,316 

9,719 

4,630 

7,369 

-2,375 

1991 

15,470 

9,732 

4,922 

7,598 

-2,121 

1992 

17,018 

11,744 

7,351 

7,680 

-1,762 

1993 

14,248 

9,121 

6,707 

6,664 

-1,313 

1994 

4,454 

5,592 

7,115 

878 

1,522 

1995 

4,454 

5,592 

7,115 

878 

1,522 

1996 

4,454 

5,592 

7,115 

878 

1,522 

1997 

4,454 

5,592 

7,115 

878 

1,522 

1998 

4,454 

5,592 

7,115 

878 

1,522 

1999 

4,454 

5,592 

7,115 

878 

1,522 

2000 

4,454 

5,592 

7,115 

878 

1,522 

2001 

4,454 

5,592 

7,115 

878 

1,522 

2002 

2,627 

3,358 

4,881 

878 

1,522 

2003 

2,627 

3,358 

4,881 

878 

1,522 

2004 

0 

0 

1,522 

878 

1,522 

Sum 

117,211 

101,231 

93,137 

44,434 

4,602 

4.6.2  Sensitivity  to  the  Modification  Scenario  Assumed 

Our  modification  scenario  was  based  on  an  ASD/AX  estimate  that  each 
military  aircraft  experiences  a  full  swap-out  of  avionics  over  a  20-year 
period  (although  the  swap-out  is  done  incrementally  on  a  system-by-system 
basis) . 

Since  the  modification  scenario  is  a  criti  al  factor  in  ranking  the 
standardization  alternatives,  we  varied  the  rate  of  avionics  updates  from 
zero  (no  changes  over  the  lifetime)  to  a  complete  change  of  avionics  every 
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Predicted  Cost  Savings  ($  Millions) 


Table  4-9.  RANGE  OF  WEIGHTING  FACTORS 


Stein  dardization 
Alternative 


Packaging, 
Mounting,  and 
Environmental 
Standard 

LRU  Standard 

Rack/Mounting/ 

Interface 

Standard 

Environmental 

Standard 

Common  Power 
Standard 


Packaging, 
Mounting,  and 
Environmental 
Standard 

LRU  Standard 

Rack/Mounting/ 

Interface 

Standard 

Environmental 

Standard 

Common  Power 
Standard 


Environmental 
and  PME 
Standard 


Data  and  Group-A  Group-B  Modification/ 


Hardware  Hardware 


Integration 
Data  and 
Test 


Communications  and  Radio  Navigation 


Operation 

and 

Support 


Update 


1.0-1. 4 

1.0-1. 2 

O 

f-\ 

CO 

o 

0. 7-0.9 

0.7-0. 9 

0.4-0. 8 

0.7-0. 9 

1.0 

0.7-0. 8 

CO 

o 

1 

o 

0. 7-0.9 

1.0 

1.0-1. 4 

1.0-1. 2 

1.0 

GS 

o 

r- 

O 

1.0-1. 2 

1.0 

o 

r- ( 

1 

CO 

o 

o 

CO 

H* 

o 

Mission-Unique  or  Aircraft-Unique 


0. 3-0.8 

0.2-0. 7 


1.1-1. 3 

0.9-1. 3 

rH 

i-H 

1 

o 

0. 7-0.9 

o 

r— 1 

1 

kD 

O 

0.4-0. 8 

0. 6-1.0 

1.0 

0.7-1. 1 

0. 7-0.9 

0. 7-1.1 

1.0 

1.0-1. 4 

1.0-1. 2 

1.0 

0.7-0. 9 

1.0-1. 2 

1.0 

0. 8-1.0 

_ 

0. 8-1.0 

Environmental  Control  System 

1.0-1. 6 

1.0-1. 4 

1. 0-2.0 

1.0-1. 2 

0. 5-0.7 


0. 5-0.9 

0.6-0. 8 


five  years  on  the  average.  The  results  of  this  exercise  are  shown  in 
Figure  4-7.  It  may  be  seen  in  the  figure  that  the  common-power  standard 
is  competitive  when  the  avionics  suite  is  not  exchanged.  The  environmental 
standard  does  show  some  savings,  but  tends  not  to  be  persuasive. 

4.6.3  Sensitivity  to  Mission  Avionics  OSS  Cost  Assumption 

We  noticed  that  the  OSS  cost  for  the  mission-unique  avionics,  as 
derived  from  our  source  (the  F-16  logistic  support  cost  estimate) ,  were 
approximately  2  percent  of  the  LRU  acquisition  cost  per  year.  This  is 
very  low  for  such  sophisticated  equipment,  even  considering  its  wide  use 
of  solid-state  components.  Current  RIW  manufacturer-support  contracts  are 
approximately  at  5  percent  per  year  of  the  LRU  cost,  and  organizational 
maintenance  is  even  more  costly.  We,  therefore,  made  runs  with  mission- 
unique  cost  adjusted  up  to  5  percent.  Figure  4-8  shows  the  sensitivity 
of  the  total  force  life-cycle  cost  to  this  change.  Notice  that  the  rela¬ 
tive  attractiveness  of  the  environmental  standard,  the  common  power  stan¬ 
dard,  and  the  full  PME  standard  are  substantially  improved.  The  merits 
of  the  LRU  packaging  standard  and  the  rack/mounting/interface  standard 
are  relatively  unchanged,  as  they  are  postulated  to  influence  initial 
acquisition  and  modification  costs  rather  than  O&S  cost. 


4. 7  SUMMARY  OBSERVATIONS 

The  subset  of  the  USAF  force  examined  is  proportionally  representative 
of  the  total  USAF  current  inventory,  which  is  comprised  of  approximately 
60  percent  one-  or  two-seater  aircraft  and  40  percent  wide-bodied  or 
bomber  aircraft.  If  these  applications  were  included  in  the  analysis,  a 
larger  return  in  the  aggregate  might  be  shown.  It  was  not  possible,  how¬ 
ever,  to  determine  realistically  the  extent  to  which  the  PME  standardiza¬ 
tion  alternatives  might  be  implemented  in  an  existing  aircraft  architecture 
and  at  what  cost.  It  seems  reasonable  to  assume  that  installation  of  new 
PME-standard  equipments  in  older  aircraft  (racks,  mounting  provisions, 
connectors  and  cables,  ECS,  etc.)  would  cost  at  least  as  much  as  installa¬ 
tion  in  production-line  aircraft,  and  most  likely  a  great  deal  more.  The 
uncertainties  of  these  costs  did  not  permit  us  to  evaluate,  or  even  esti¬ 
mate,  their  magnitude.  Any  saving  attributable  to  upgradinq  older  aircraft 
with  PME  standards  would  necessarily  be  less  than  that  for  new  aircraft 
by  the  amount  of  the  increased  cost  of  installation.  Accordingly,  the 
payback  time  would  be  longer.  This  implies  a  lessened  opportunity  to 
secure  the  possible  benefits  because  of  the  age  of  the  aircraft  at  the 
outset  and  the  lesser  life  expectancy  and  lessened  potential  for  needing 
to  exchange  avionics  suites  as  on  new  aircraft.  If  a  PME  standard  is 
implemented,  and  hard  PME  cost  data  are  developed  (rack  costs,  installation 
times,  etc.),  the  value  of  installing  PME  equipments  on  older  aircraft 
would  then  need  to  be  evaluated  on  a  case-by-case  basis  through  detailed 
cost  trade-off  studies.  As  was  pointed  out  earlier,  the  largest  contribu¬ 
tors  to  acquisition  and  O&S  costs  are  the  avionics  that  are  not  common 
across  the  force.  Thus,  it  is  difficult  to  establish  a  PME  "block"  for 
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installation  during  the  periodic  retrofits  for  these  aircraft.  This  con¬ 
cept  will  require  further  development  before  economic  analysis  can  be  made. 
It  is  fair  to  conclude,  however,  that  PME  standardization  does  have  economic 
benefit  if  used  for  installations  in  new  aircraft. 

The  magnitude  of  the  predicted  saving  associated  with  PME  standardiza¬ 
tion  appears  small  when  viewed  in  the  context  of  the  USAF's  current  spend¬ 
ing  level  of  approximately  $2  billion  per  year  on  avionics  acquisition. 
However,  we  have  considered  only  a  small  fraction  (15  percent)  of  the 
total  applications.  Further,  the  difficult-to-quantify  aspects  of  PME 
standardization  as  a  building  block  for  wide  employment  of  GFE  avionics, 
as  discussed  in  Section  4.2,  have  not  yet  been  included. 

The  results  of  this  analysis,  while  preliminary  and  of  first-order 
approximation,  indicate  that  there  is  significant  potential  for  achieving 
payback  from  PME  standardization.  The  LRU  packaging  standard  and  rack/ 
mounting/interface  standard  appear  attractive,  with  lower  investment 
requirements  than  were  assumed  for  the  full  PME  standardization.  However, 
these  results  consider  the  quantifiable  costs  alone.  Operational  benefits 
of  improved  avionics  reliability,  such  as  reduced  mission  aborts  or  mission 
curtailments,  are  difficult  to  quantify  in  terms  of  cost  saving,  since  the 
avionics  system  is  only  one  of  many  potential  mission  availability  problems 
One  conclusion  that  can  be  drawn  is  that  environmental  improvement  plus  PME 
standardization  can  have  a  much  more  significant  payback  potential  than 
environmental  improvement  implemented  alone. 

The  common  power  standard  can  stand  alone.  The  implementation  cost 
necessary  to  provide  better  regulation,  voltage-spike  protection,  and 
outage  prevention  are  much  less  than  those  for  the  improved  cooling  systems 
Currently,  this  protection  must  be  provided  within  each  LRU.  The  payback 
starts  by  removing  this  cost  from  the  LRU  (acquisition  saving)  and  con¬ 
tinues  with  improved  reliability  (O&S  saving) . 

It  should  be  kept  in  mind  that  the  standardization  choices  are  not 
mutually  exclusive.  For  example,  continued  use  of  commercial  standards 
for  wide-bodied  aircraft  and  adaptation  of  the  commercial  PME  standard  for 
other  military  applications  could  be  approached  simultaneously;  an  LRU 
packaging  standard  developed  initially  could  later  be  established  as  a 
part  of  a  full  PME  standard.  Our  review  of  the  key  technical  issues  that 
governed  the  inputs  to  the  analysis  produced  further  insight  into  the 
attractiveness  of  the  alternatives  that  cannot  be  displayed  as  direct 
model  outputs,  i.e.: 

•  Fighter-type  aircraft  comprise  the  largest  component  of  the  repre¬ 
sentative  force  addressed  in  this  analysis;  they  also  represent  the 
largest  component  of  the  USAF's  projected  force.  Even  small  cost 
payback  changes  in  this  class  of  aircraft  will  derive  large  abso¬ 
lute  changes  in  total  USAF  avionics  life-cycle  costs. 

•  The  "common"  group  of  avionics,  which  is  the  most  amenable  to  the 
use  of  commercial  or  similar  standards,  represents  a  minor  part  of 
the  total  cost  of  the  avionics  for  a  combat  aircraft;  however, 
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associated  with  flight-essential  functions  there  are  high  opera¬ 
tional  benefits  associated  with  availability  improvements .  Inte¬ 
gration  cost  for  radar,  weapon-delivery,  and  electronic-warfare 
avionics  dominates  the  avionics-suite  LCC  and,  therefore,  has  the 
biggest  potential  quantitative  payback  for  PME  standardization. 

•  Where  cost  has  been  a  principal  design  factor  (e.g.,  for  AN/ARN-118 
and  AN/ARN-127),  military  avionics  prices  are  fully  competitive 
with  commercial  avionics  prices. 

4. 8  RECOMMENDATIONS 

The  PME  model  developed  for  this  analysis  is  a  powerful  tool  for 
examining  the  impact  of  standardization  alternatives  on  life-cycle  costs 
in  a  multiple-aircraft  implementation  scenario.  It  will  require,  however, 
a  significant  additional  planning  and  costing  effort  to  provide  the  data 
on  input-cost  elements  needed  for  an  absolute  set  of  values.  To  obtain  a 
better  confidence  in  the  relative  attractiveness  of  the  five  standardiza¬ 
tion  alternatives,  the  performance  of  the  following  tasks  is  required: 

1.  Obtain  both  planning  and  projected  cost  data  on  a  larger  group  of 
aircraft  selected  as  viable  candidates  for  PME  standardization 

2.  Define  specific  types  of  avionics  in  the  aircraft  of  interest 

3.  Construct  scenarios  describing  in  detail  implementation  plans 
for  candidate  PME  standardization  alternatives 

4.  Obtain  more  detailed  data,  particularly  for  the  modification  cost 

5.  Perform  an  analysis  on  what  the  planned  implementation  —  ECS 
systems,  power  distribution  systems,  etc.  --  would  cost  for  the 
various  standardization  alternatives 

At  this  stage  in  planning  for  a  PME  standard,  there  is  some  doubt  that 
such  an  extensive  effort  would  be  warranted.  Of  the  tasks  outlined  above, 
the  fifth  (implementation  cost)  is  the  most  critical.  However,  before  this 
can  be  analyzed  in  any  significant  detail,  a  set  of  "strawman"  approaches 
must  be  defined:  sizing,  cooling  method,  etc.  One  scenario  is  described 
in  Chapter  Five  to  demonstrate  what  we  feel  is  a  practical  approach  to 
implementing  PME  standardization  in  the  USAF.  The  steps  required  to 
establish  other  activities  are  described  in  the  PME  standardization  plan 
in  Chapter  Six. 


CHAPTER  FIVE 


SCENARIO  FOR  IMPLEMENTING  USAF  PME  CONCEPT 


This  chapter  describes  a  single  scenario  for  implementing  a  USAF  PME 
concept.  It  takes  the  approach  that  avionics  boxes,  racks,  mounting  devices, 
connectors,  power  systems,  and  environmental-control  systems  will  all  be 
incorporated  into  the  PME  standards,  either  concurrently  or  sequentially. 

It  postulates  that  functional  standardization  to  achieve  complete  LRU 
interchangeability  can  be  incorporated  either  initially  or  after  implementa¬ 
tion  of  the  PME  standardization.  This  scenario  offers  many  technical  and 
institutional  benefits  but  it  should  be  recognized  as  being  just  one  of 
several.  The  cost  analysis  process  should  be  applied  to  other  scenarios 
similarly  postulated  to  determine  an  optimized  approach  for  implementing  PME 
standardization. 


5.1  THE  CHARACTER  OF  A  USAF  PME  STANDARD 

5.1.1  Sizing 

Our  discussions  with  USAF  engineers  and  manufacturers  of  aircraft  and 
avionics  revealed  that,  while  many  commercial  avionics  have  applicability 
to  military  cargo  aircraft  and  other  similar  large-bodied  aircraft,  a  PME 
approach  unique  to  the  military  will  be  required  for  smaller,  high-performance 
aircraft.  It  is  possible  that  the  military  PME  standard  might  be  an  adapta¬ 
tion  of  ARINC  600,  retaining  sufficient  common  features  to  allow  interchange- 
ability  of  functionally  equivalent  LRUs.  For  example,  if  the  USAF  PME 
standard  embodied  the  ARINC  600  Modular  Concept  Unit  (MCU)  approach,  it  is 
conceivable  that  an  Air  Force  MCU  could  be  differently  defined  in  terms  of 
dimensions,  watt-dissipation  factors,  and  hold-down  devices,  yet  be  adaptable 
to  ARINC  600  racks  and  accept  ARINC  700  series  equipments.  While  the  notion 
of  military/commercial  cross-fit  is  certainly  not  essential,  obvious  benefits 
could  stem  from  it:  common  designs,  shared  specification  development,  cross¬ 
community  procurements,  etc.  If  there  were  cross-fit  compatibility  between 
the  USAF  PME  standard  and  ARINC  600  standards,  the  USAF  would  in  effect 
enjoy  the  benefit  of  a  single  standard  across  its  entire  force:  it  could 
use  ARINC  700  equipment  in  its  larger  commercial- like  aircraft  and  USAF 
equipments  in  smaller  configurations  for  its  space-constrained  aircraft.  On 
the  other  hand,  the  absence  of  cross-fit  compatibility  would  present  two 
alternatives:  first,  commercial  equipment  would  be  used  in  the  larger  air¬ 

craft,  as  is  the  custom  now,  and  a  unique  USAF  PME  standard  would  be  applied 
to  smaller  or  specialized  and  high-performance  aircraft;  or,  second,  the 
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unique  USAF  PME  standard  and  its  associated  smaller  equipment  would  be  used 
for  all  USAF  aircraft.  The  latter  notion  is  acceptable  because  the  avionics 
would  have  been  designed  for  high-performance  or  constrained  situations,  and 
consequently  certainly  would  be  suited  to  operation  in  larger  aircraft  and 
circumstances  requiring  lesser  performance. 

5.1.2  Interface 

The  USAF  solved  the  interface  problem  posed  by  the  need  to  put  a  common 
piece  of  avionics  into  a  broad  variety  of  aircraft  when  it  developed  the 
AN/ARN-118  TACAN.  The  receiver/transmitter  (R/T)  unit  was  designed  to  provide 
common  functions  for  all  aircraft  it  was  to  serve.  Since  each  installation 
required  a  unique  interface,  the  R/T  unit  and  its  accompanying  interface  box 
and  rack  were  sized  together  to  provide  a  direct  swap-out  with  the  previously 
installed  TACAN.  We  suggest  that  this  approach,  in  conjunction  with  the 
ARINC  600  MCU  concept,  is  an  ideal  way  to  design  equipments  for  the  USAF  PME 
standard,  whether  or  not  the  resulting  boxes  have  cross-fit  compatibility 
with  commercial  units.  For  example,  if  a  USAF  avionics  unit  needs  to  be  3 
MCUs  wide  to  serve  the  common  functions  it  performs,  the  interfaces  might  be 
provided  in  a  single  separate  MCU  connected  to  the  3-MCU  box  (see  Figure  5-1) . 


F2  —  F3  RELATIONSHIP 


Figure  5-1.  AN  AIR  FORCE  MCU  BOX  CONCEPT 

For  logistics  purposes,  the  3-MCU  box  would  be  common  to  all  aircraft  it  is 
used  in;  if  manufactured  by  a  single  supplier  in  a  single  configuration,  it 
would  have  a  USAF-wide  part  number.  The  interface  MCU,  on  the  other  hand, 
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would  serve  only  to  provide  adaptation  to  one  kind  of  aircraft  and  would 
have  an  aircraft-unique  part  number.  The  functional  assembly,  however, 
would  be  sized  as  4  MCUs  for  installation  purposes.  This  same  interface 
concept  could  be  used  to  cross-fit  military  and  commercial  units  that 
required,  for  example,  a  DITS/MIL-STD-1553B  conversion. 


One  other  concern  about  interfaces  is  the  level  of  standardization 
that  is  incorporated.  For  example,  in  a  PME  standard,  the  notion  of  functional 
standardization  need  not  be  addressed.  PME  standardization  can  be  construed 
as  F^E:  a  box,  rack,  connector,  and  environment  standard.  At  the  next 
level,  it  may  define  electrical  interfaces  dealing  with  power  sources,  control 
voltages,  discretes,  etc.  At  the  other  end  of  the  spectrum,  PME  standardiza¬ 
tion  can  be  construed  as  F^E,  which  includes  full  functional  interface 
description,  as  in  an  ARINC  Characteristic ,  and  a  full  aircraft-avionics 
interwiring  scheme  to  provide  unit  interchangeability  when  new  equipments, 
techniques,  technologies,  or  manufacturers  are  introduced  and  replacements 
occur.  The  notion  of  moving  from  F^E  to  F^e  is  also  viable  if  the  interwiring 
provisions  are  accommodated  in  the  F^  phase.  Because  of  the  nature  of  digital 
signals,  we  believe  this  is  not  a  difficult  task,  and  suggest  that  early 
efforts  should  concentrate  on  implementing  an  F^e  concept  initially,  and  then 
moving  to  F^e  after  the  institutional  inertia  of  the  USAF  has  been  overcome. 


5.1.3  Environmental  Control  System  (ECS) 

A  PME  standard  should  deal  with  an  ECS  from  the  standpoint  of  the  air¬ 
craft  that  will  use  it  and  from  the  standpoint  of  the  aircraft  that  will  not. 
Since  installing  an  ECS  can  be  a  costly  proposition,  its  incorporation  into 
an  aircraft  probably  will  depend  either  on  a  favorable  cost-benefit  analysis 
or,  where  payback  is  not  expected,  on  its  mission  essentiality.  Aircraft  that 
do  not  meet  either  of  these  criteria  probably  will  not  have  an  ECS  installed. 
The  avionics  must  be  designed  to  accommodate  an  ECS  if  one  is  installed  or 
to  operate  in  a  free  environment  if  one  is  not  installed.  Box  provisions 
should  be  carefully  considered  in  this  regard  from  the  outset,  even  if  an  ECS 
is  not  included  at  the  early  stages  of  developing  a  PME  standard.  Inclusion 
of  an  ECS  at  a  later  time  would  require  a  new  box  design  and  interface 
retrofit,  if  the  original  box  was  not  designed  for  use  with  an  ECS. 


5.2  A  SCENARIO  FOR  IMPLEMENTING  USAF  PME  STANDARD 
5.2.1  The  Standard 


Chapter  Six  discusses  in  detail  a  plan  for  developing  and  implementing 
a  PME  standard.  One  aspect  of  the  plan  is  to  use  an  open  forum  to  develop 
specifications  that  would  be  broadly  accepted  and  implementable .  This 
scenario,  depicted  in  Figure  5-2,  begins  with  a  developed  PME  standard  that 
describes  LRUs  (dimensions,  shapes,  ECS  adaptability);  rack,  mounting,  and 
interfaces  (rack,  hold-downs,  connectors,  a  power  standard,  accessory  signals, 
and  interwiring);  and  an  environmental  control  system  (source,  medium,  sinks, 
flows,  ducting,  etc.). 


5.2.2  New  Aircraft 


Each  future  aircraft  to  be  manufactured  will  have  the  PME  standard 
incorporated  to  the  necessary  degree.  At  a  minimum,  it  will  have  avionics 
bays,  shelves,  racks,  mounting  provisions,  connectors,  and  cable  runs  that 
conform  to  the  standard.  An  electrical  power  system  standard  could  be  imple¬ 
mented  separately,  but  preferably  would  be  included  in  production  design. 

The  incorporation  of  an  ECS  should  be  based  on  a  cost/performance  trade-off 
study  for  the  specific  aircraft. 

5.2.3  Older  Aircraft 


A  large  portion  of  the  USAF  force  will  be  older  aircraft  by  the  time  a 
PME  standard  can  be  introduced.  This  will  include  current  new  first-line 
aircraft  like  the  F-15,  F-16,  and  A-10.  These  aircraft  obviously  will  not 
be  well  suited  to  the  incorporation  of  a  new  standard  for  avionics  boxes, 
mounting,  etc.  Should  they  be  retrofitted  with  new  avionics  according  to  the 
PME  standard?  This  is  a  difficult  question  to  answer  from  a  cost  viewpoint 
because  of  the  wide  range  of  variables  involved.  As  suggested  earlier,  incor¬ 
poration  of  equipments  designed  to  PME  standards  into  these  older  aircraft 
would  cost  at  least  as  much  —  and  probably  a  great  deal  more  —  than  incor¬ 
poration  in  a  production-line  aircraft  designed  for  PME.  This  makes  cost 
saving  suspect,  and  practicality  doubtful.  Furthermore,  since  these 
aircraft  are  older,  there  will  be  less  opportunity  for  future  retrofits, 
which  further  restricts  payback  potential.  An  exception  to  this  reasoning 
would  be  an  aircraft  that  has  been  singled  out  for  an  entirely  new  suite  of 
avionics,  as  in  the  case  of  the  B-52.  If  a  decision  is  made  to  strip  out  old 
avionics  and  redo  them,  then  PME  standardization  may  very  well  be  a  practical 
solution.  A  cost/performance  trade-off  study  would  be  well  advised  in  these 
circumstances  to  provide  a  convincing  rationale  for  a  decision. 

5.2.4  Installed  Avionics 


The  avionics  to  be  packaged  in  the  new  boxes  should  probably  be  existing 
avionics  to  be  greatest  degree  possible  to  minimize  development  cost.  How¬ 
ever,  because  new  aircraft  will  be  designed  to  satisfy  demands  for  higher 
performance,  it  would  be  expected  that  many  of  the  avionics  that  go  into  new 
PME  boxes  will  be  the  outcomes  of  new  or  recent  development  programs;  some 
may  even  be  concurrent  with  the  aircraft  development.  These  avionics  will 
not  be  good  candidates  for  F3  speci fication  and  should  probably  be  MIL- 
specified  to  the  best  design,  employing  F^  or  F' E  standardization  at  this 
stage.  If  there  is  cross-fit  compatibility  for  common  functions  such  as 
communications  or  navigation,  development  cost  might  be  avoided  by  using 
commercial  units.  If  this  is  not  possible,  some  of  these  avionics  might 
lend  themselves  to  the  development  of  a  functional  specification  standard. 
These  would  be  avionics  employing  F3  or  F3E  standardization  at  the  outset. 

The  four  situations  described  would  include  both  common  and  mission  avionics. 
The  only  avionics  that  would  not  be  packaged  in  PME  boxes  would  be  those  that 
were  too  large  or  that  might  require  specialized  enclosures. 


At  some  time  in  the  later  life  of  the  aircraft,  avionics  modernization 
begins  to  take  place;  we  are  now  dealing  with  an  aircraft  that  has  all  of 
its  avionics  in  PME  boxes  and  has  implemented,  to  varying  degrees,  the  PME 
standard.  As  described  in  Subsection  5.2.4  above,  there  are  four  kinds  of 
avionics  possible: 

1.  Originally  existing  equipment,  repackaged  to  PME  standards 

2.  Equipment  developed  and  MIL-specified  to  PME  standards 

3.  Commercial  equipments  cross-fitted  to  serve  military  needs 

4.  Equipments  built  to  an  F^  specif ication  for  PME  standard  use 

Since  the  last  two  types  are  built  to  functional  specifications  and  also 
fit  the  PME  standard,  they  are  easily  replaced  on  a  one-for-one  swap-out. 

An  F3  procurement  would  be  in  order.  The  first  two  types,  however,  while 
built  to  PME  standards  from  a  form-and-fit  viewpoint,  employed  unique  func¬ 
tional  design  and  are  F^  rather  than  F3  in  nature.  It  is  at  this  point  in 
their  life  cycles  that  their  suitability  for  F3  standardization  should  be 
addressed.  If  they  make  good  F3  candidates,  this  is  probably  the  last  good 
opportunity  to  develop  an  F3  specification  and  buy  the  avionics  as  a  USAF 
standard  item  for  other  aircraft  as  well.  At  this  point,  the  equipment  in 
question  probably  is  well  defined:  it  has  been  used  for  a  long  period  in  an 
operational  environment,  and  its  performance,  cost,  and  maintenance  data  are 
all  well  known.  These  elements  can  all  contribute  to  preparing  a  better 
specification,  particularly  if  the  specification  is  developed  in  an  environ¬ 
ment  similar  to  the  Airlines  Electronic  Engineering  Committee  (AEEC )  open- 
forum  process.  Other  elements  that  would  support  the  suitability  of  the 
equipment  as  an  F3  candidate  are  also  well  known  at  this  time  in  the  avionics 
life  cycle:  the  market  size  for  new  and  retrofit  aircraft,  the  user's  current 
(not  future)  requirements,  and  the  equipment's  state  of  maturity.  Once  the 
specification  is  developed,  an  F3  procurement  could  proceed  here  as  well,  and 
modification  would  become  a  relatively  simple  and  straightforward  process. 

5.2.6  Sources  and  Selection 

A  novel  idea  can  be  applied  to  F ^  procurements  to  cause  them  to  create 
a  win-win  situation  for  both  the  USAF  and  the  contractor,  and  to  assuage  the 
major  concern  of  the  logistics  community  with  respect  to  the  F3  concept: 
spares  proliferation.  As  shown  in  Figure  5-2,  several  competitors  involved 
in  developing  the  F3  specification  would  be  expected  to  bid  on  the  procurement 
Since  he  knows  that  this  is  an  update  program,  and  he  can  easily  calculate  the 
market  size,  each  competitor  should  be  motivated  to  build  the  best,  most 
competitive  product  in  an  attempt  to  be  the  single  source  selected.  To 
ensure  that  the  source  selection  process  does  select  the  best  source,  only  a 
small  increment  of  the  total  buy  is  procured  initially  to  verify  the  equip¬ 
ment's  performance.  If  the  product  proves  itself  in  operational  conditions, 
the  balance  of  the  procurement  is  bought.  In  this  manner,  the  USAF  assures 
itself  of  a  good  buy  and  a  single  spares-set  logistics  scenario.  If  the 


initial  source  selection  proves  to  be  bad,  however,  other  sources  are  wait¬ 
ing  in  the  wings,  and  the  USAF  has  the  opportunity  to  rectify  its  earlier 
mistake.  True,  there  are  losses  on  the  initial  procurement,  but,  considering 
the  alternative,  the  losses  are  minimized,  and  the  users  do  not  have  to 
settle  for  poor  performance.  At  this  point,  additional  units  can  be  bought 
as  GFE;  these  could  now  qualify  as  F3  GFE ,  built  to  PME  standards,  for 
other  new  aircraft  coming  along. 


5.3  SUMMARY 

In  summary,  the  introduction  of  a  new  PME  standard  will  require  institu¬ 
tional,  as  well  as  technical  innovations.  A  comprehensive  concept  can  be 
implemented  in  new  aircraft  designs;  retrofit  applications  must  be  considered 
on  an  LRU-by-LRU  installation  basis  for  the  older  aircraft.  An  approach 
which  permits  both  F2  and  F3  standardization  is  attractive  from  a  force-wide 
application  standpoint.  One  approach  has  L^en  developed  in  this  chapter  to 
demonstrate  the  pervasiveness  of  the  elements  to  be  considered  in  implementa¬ 
tion  of  a  PME  standard.  This  approach  would  require  further  development; 
it  should  be  evaluated  against  alternative  approaches  found  acceptable  to 
the  affected  organizations  in  AFSC  and  AFLC.  Steps  required  to  develop 
both  the  technical  and  institutional  procedures  are  outlined  in  Chapter  Six. 


CHAPTER  SIX 


DEVELOPMENT  PLAN  FOR  THE  PME  STANDARD 


6.1  INTRODUCTION 

6.1.1  Approach 

This  plan  was  prepared  in  response  to  Task  3  of  the  Statement  of  Work, 
which  requires  the  development  of  a  plan  by  which  the  USAF  can  pursue  PME 
standardization  activities.  The  plan  describes  the  analyses,  investigations, 
and  other  major  tasks  needed  for  the  development  and  implementation  of  a 
USAF  PME  standard. 

ARINC  Research  used  the  following  source  materials  to  develop  this 

plan: 

•  Procedures  for  establishing  military  standards  (DoD  4120. 3-M) 

•  Reports  of  activities  leading  to  the  commercial  PME  standard 
(ARINC  600) 

•  Proceedings  of  the  1978  and  1979  Avionics  Planning  Conferences, 
which  provided  recommended  road  maps  for  PME  interface  standardiza¬ 
tion. 

•  Discussions  with  affected  central  organizations 

•  Results  of  preliminary  PME  studies  as  reported  in  this  document 

Our  approach  to  the  presentation  of  this  plan  is  to  format  it  as  a 
management-oriented  chapter  that  could  be  converted  readily  into  a  USAF 
implementation  tool  after  review  and  comment.  Accordingly,  there  is  some 
redundancy  with  material  presented  in  other  sections  of  the  report. 

6.1.2  USAF  PME  Standardization  Road  Map 


USAF  PME  standardization  initiatives  were  begun  at  the  1978  Avionics 
Planning  Conference,  which  reviewed  opportunities  available  to  the  USAF  for 
standardization  in  avionics  development  and  aircraft  installations.  It 
identified  a  standard  for  avionics  PME  interfaces  as  a  premier  opportunity. 
The  1979  Conference  participants  reaffirmed  this  conclusion  and  recommended 
two  further  considerations:  a  possible  near-term  environmental  standard  for 
aircraft  systems  application,  and  coordination  with  the  Navy  and  Army  on 
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future  PME  standards  for  possible  DoD-wide  use.  The  road  map  of  activities 
developed  by  the  conference  participants  provides  the  overall  basis  for  this 
development  plan. 

The  current  road  map  for  PME  standardization  is  contained  in  the  January 
1980  Armament  and  Avionics  Planning  Guidance  document,  which  is  being  routed 
for  coordination  within  the  USAF.  The  road  map  is  reproduced  in  Figure  6-1. 
The  associated  descriptions  of  nodal  points  are  shown  in  Table  6-1.  As 
indicated  at  the  starting  point  of  the  road  map,  most  existing  USAF  avionics 
Line  Replaceable  Units  (LRUs)  are  packaged  and  mounted  in  unique  form  factors 
dictated  by  the  first  application.  Their  cooling  provisions  are  often  not 
adequately  matched  with  the  aircraft  environmental  control  system.  The 
unique  features  of  each  equipment  have  resulted  in  the  proliferation  of  hard¬ 
ware.  Because  LRU  packaging,  mounting,  and  environment  standards  are  not 
available,  interchangeability  of  avionics  equipments  between  aircraft  models 
is  extremely  limited.  The  introduction  of  new  technology  is  impeded  in  many 
cases  because  of  the  time  required  to  develop  and  package  a  new  concept  for 
retrofit  in  military  aircraft. 

The  overall  objectives  of  PME  standardization,  as  shown  on  the  right- 
hand  side  of  the  road  map,  are  as  follows: 

1.  Promote  Competition  -  Standardized  interfaces  promote  competition 
and  the  development  of  multiple  vendor  sources  because  the  market 
is  larger  and  easier  to  assess. 

2.  Improve  Cooling  and  Reliability  -  Thermal  management  is  a  key 
determinant  of  reliability.  The  use  of  a  proven  thermal  interface 
with  specified  flow  rates  and  temperatures  can  improve  reliability 
and  reduce  maintenance  costs. 

3.  Promote  LRU  Interchangeability  -  Electrical,  environmental,  and 
mechanical  interchangeability  of  LRUs  reduces  spares  sufficiency 
levels  and  increases  aircraft  availability.  It  also  promotes 
competition  by  providing  several  sources  of  essentially  identical 
equipments . 

4.  Improve  Maintainability  -  More  orderly  arrangement  of  avionics 
in  the  equipment  bays  permits  easier  access  and  swap-out  of 
avionics  for  on-equipment  maintenance.  Training  and  procedures 
become  standardized. 

5.  Facilitate  Retrofit  -  Interchanqeability  eliminates  the  need  to 
modify  the  aircraft  racks  or  wiring  to  introduce  new  technology  or 
an  updated  product.  The  interfaces  maintain  their  integrity 
regardless  of  different  manufacturers'  technology,  mechanization, 
or  processes. 

6.  Reduce  Cost  -  All  of  the  above  qoals  combine  to  promote  overall 
cost  reduction  in  development,  acquisition,  installation,  and  O&S. 

Three  primary  paths  are  shown  on  the  road  map: 


STANDARD  AVIONICS  PACKAGING,  MOUNTING,  AND  COOLING  INTERFACES  ROAD  MAP 


Table  6-1.  STANDARD  AVIONICS  PACKAGING,  MOUNTING,  AND  COOLING  INTERFACES  ROAD  MAP  NODAL  POINT  DESCRIPTIONS 


Tjblt'  b-l.  (continued) 


•  Path  I  -  This  path  continues  the  current  approach,  which  provides 
very  limited  interface  standardization.  There  are  some  design 
standards,  such  as  MIL-E-5400  and  MIL-STD- 1553 ,  that  are  generally 
imposed  on  new  equipment  developments.  These  promote  standardization 
of  certain  mechanical  and  electrical  aspects  of  the  equipments,  but 
they  are  not  consistently  applied  and  do  not  achieve  the  goals  stated 
on  the  road  map. 

•  Path  II  -  This  path  develops  an  environmental  standard  for  use  in 
military  aircraft.  There  are  two  options:  to  impose  such  a  standard 
for  new  aircraft  only  or  for  all  cases  when  major  installations 

of  avionics  are  made.  This  path  serves  only  goals  2,  4,  and  6. 

•  Path  III  -  This  path  develops  a  new  PME  standard  for  military  air¬ 
craft  —  either  an  adaptation  of  the  commercial  standard  or  a 
completely  new  concept  that  meet?  all  goals  on  the  road  map. 

The  shaded  area  of  the  road  map  indicates  the  progress  made  along  each 
of  these  paths.  In  this  form  of  road  map,  it  is  possible  to  proceed  in 
parallel  along  multiple  paths  because  they  are  complementary  in  purpose.  A 
time  scale  is  not  shown  on  the  road  map,  but  standardization  activities  may 
be  divided  into  three  phases.  The  initial  phase  consists  of  studies  to  deter¬ 
mine  the  preliminary  cost-benefit  relationships  of  PME  standardization  and 
define  alternative  concepts  for  the  standards.  These  studies  are  shown  as 
completed,  leading  to  decision  node  "C."  The  USAF  will  decide  on  continuation 
with  the  PME  standardization  efforts  on  the  basis  of  these  preliminary  studies, 
which  include: 

•  First-order  cost-benefit  analysis  of  the  USAF  PME  standards 

•  Initial  industry  survey  concerning  the  feasibility,  applicability, 
and  expected  problem  areas  in  USAF  PME  standardization 

•  Generic  areas  of  differences  between  commercial  and  military 
standards 

The  next  phase  involves  efforts  to  determine  the  best  approach  to 
achieving  standardization.  These  efforts  may  involve  industry  R&D  support 
in  developing  and  validating  new  concepts  of  technology  to  supplement  USAF 
studies.  The  USAF  may  also  decide  to  coordinate  the  developed  PME  standard 
with  the  Navy  and  Army  for  possible  DoD-wide  application. 

The  final  phase  is  implementation  of  the  standard. 

The  results  of  the  preliminary  studies,  which  are  presented  in  other 
chapters  of  this  report,  lead  to  three  conclusions  concerning  continuation 
with  the  PME  standardization  efforts: 

•  PME  standardization  appears  to  be  a  viable  concept  for  the  USAF  on 
the  basis  of  predicted  cost-benefit  relationships,  expecially  in 
the  area  of  new-aircraft  installations. 
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•  The  PME  standard  should  include  more  than  just  thermal  considera¬ 
tions;  to  achieve  significant  savings,  form-fit  (f2)  or  form-fit- 
function  (F^)  standardization  should  be  implemented,  with  provisions 
to  incorporate  environmental  standards  where  judged  appropriate. 

•  The  USAF  PME  standard  possibly  could  be  based  on  the  ARINC  600  con¬ 
cepts;  possibilities  include  designing  the  standard  to  accommodate 
cross-fit  standardization  with  commercial  equipments  or  using 
ARINC  600  directly  to  supplement  a  USAF-unique  standard. 

The  first  two  conclusions  reflect  the  results  of  a  first-order  cost-benefit 
analysis  of  applying  a  new  USAF  PME  standard  versus  the  current  practice  of 
using  non-standardized  PME.  The  analysis  projected  significant  potential 
avionics  life-cycle-cost  saving  for  avionics  applications  in  new  aircraft. 

The  third  conclusion  reflects  the  results  of  our  industry  survey  on  USAF 
PME  standardization;  the  participants  were  in  agreement,  for  the  most  part, 
that  USAF  PME  standardization  should  be  based  on  the  ARINC  600  concept,  with 
essential  military  requirements  added  and  necessary  exceptions  made. 

In  summary,  the  development  of  a  new  USAF  PME  standard  should  follow 
the  PME  standardization  road  map  depicted  in  Figure  6-1. 

6.1.3  Commercial  PME  Standardization  and  the  Open-Forum  Process 

The  history  of  the  commercial  development  of  PME  standards  suggests 
that  successful  development  of  the  USAF  PME  standard  and  its  acceptance 
will  depend  greatly  on  the  open-forum  process.  This  process  was  used  by 
the  commercial  airlines  industry  to  develop  ARINC  600,  which  is  the  commercial 
PME  standard.  There  was  no  formal  cost  tradc-off  analysis  performed  in  this 
development.  Rather,  the  open  forum  was  used  to  provide  an  arena  for  a  full 
and  free  exchange  of  ideas  and  technical  expertise  among  aircraft  manufac¬ 
turers  and  vendors  so  that  they  could  better  understand  users'  needs  and 
the  users  could  better  relate  trade-offs  between  capabilities  and  costs. 
Participants  in  the  open  forum  negotiated  mutually  beneficial  common  factors 
and  specifications,  from  which  the  standard  evolved. 

ARINC  600  was  developed  for  implementation  on  new  commercial  aircraft 
construction  (e.g.,  the  Boeing  757,  767,  and  777  series).  It  reflects  a 
sharp  departure  from  the  older  ARINC  404  concepts ;  there  is  very  little 
backward  compatibility  with  older  commercial  standards.  It  may  be  inferred 
that  the  USAF  will  be  led  to  this  same  approach.  The  attractive  features 
of  new  technology  --  low  or  zero  insertion  force  connectors,  improved 
cooling  standards,  etc.  —  are  difficult  to  introduce  in  an  evolutionary 
manner.  The  military  standard  should  seek  the  best  approach  for  future 
aircraft,  then  find  ways  for  accommodating  retrofit  applications  where  it 
proves  beneficial. 


6.2  TASK  OVERVIEW 

This  section  addresses  in  detail  the  activities  required  to  develop  and 
implement  a  USAF  PME  standard  if  a  favorable  decision  is  rendered  at  nodal 


point  "C."  We  have  introduced  steps  indicated  by  our  analysis  or  by 
precedents  established  during  the  development  of  ARINC  600. 

Figure  6-2  depicts  the  evolution  of  the  USAF  PME  standard  in  four 
phases. 

Phase  I,  which  consists  of  conducting  preliminary  studies,  is  now 
completed. 

Phase  II  involves  developing  a  series  of  requirements,  applications, 
and  architectural  analyses  to  initiate  the  open-forum  process  in  an  effec¬ 
tive  manner.  The  analyses,  to  be  conducted  prior  to  the  first  open  forum, 
provide  initial  data  and  identification  of  the  issues  that  must  be  reconciled 
about  PME  standardization.  Requirements  and  application  analyses  address: 

•  Potential  PME  interface  parameters  and  associated  quantitative 
values  to  be  standardized 

•  Specific  application  of  PME  standardization  to  post-1985  aircraft 
installations  and  potential  application  for  retrofit 

Architectural  analysis  is  needed  to  provide  strawman  versions  of  PME  stan¬ 
dards  to  be  used  as  the  baselines  for  military  and  industry  participation  in 
open- forum  resolution  of  differences. 

Phase  III  begins  when  open-forum  activities  are  undertaken.  The  early 
open  forums  would  provide  agreement  on  the  structure  and  quantitative  values 
to  be  assigned  to  the  standard  specifications  and  on  the  number  and  form  of 
USAF  PME  standard  documents  needed  to  be  issued. 

In  conjunction  with  the  open-forum  process,  USAF  or  industry  development 
and  validation  efforts  on  the  equipment  itself  would  continue.  To  assure 
broad  technical  and  market  acceptability,  the  open-forum  membership  would 
review  and  comment  on  all  technical  contributions  to  PME  standard  specifica¬ 
tions  before  the  specifications  took  final  form.  It  will  be  necessary  to 
obtain  formal  USAF  coordination  and  approval  of  USAF  PME  standards  that  could 
result  from  the  open-fo'-um  process.  MIL-STD-962  and  DoD  4120. 3-M  provide 
instructions  on  how  to  do  this. 

Implementation  of  the  USAF  PME  standard  would  begin  in  Phase  IV  with 
the  establishment  of  a  control  agency  to  monitor  the  implementation  and 
actively  participate  in  it  as  required. 

The  following  sections  describe  Phases  II,  III,  and  IV  in  task-oriented 
statements.  A  schedule  for  implementation  of  these  activities  is  presented 
at  the  end  of  the  discussion. 
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Figure  6-2.  DEVELOPMENT  OF  A  NEW  USAF  PME  STANDARD 
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6.3  PME  STANDARDIZATION  ACTIVITIES 

A  proposed  schedule  of  PME  standardization  activities  is  shown  in 
Figure  6-3.  This  schedule  was  formulated  with  the  objective  of  implementing 
a  military  PME  standard  in  time  to  influence  avionics  retrofits  occurring 
after  1985.  Considering  production  lead  times  and  procurement  delays, 
this  suggests  that  the  testing  and  certification  of  selected  equipments  must 
be  commenced  by  1983.  The  following  subsections  provide  details  on  each  of 
the  proposed  activities. 

6.3.1  Task  1  -  Development  of  Implementation  Concepts 

This  task  defines  the  applications  and  management  concept  for  implement¬ 
ing  a  PME  standard.  Two  broad  subtasks  are  envisioned. 

6. 3. 1.1  Subtask  1.1  -  Aircraft  Applications  Analysis 

Official  USAF  projections  of  new  aircraft  construction  or  major 
retrofit  programs  should  be  reviewed  to  determine  by  category  of  system 
(e.g. ,  radar  altimeter,  INS,  etc.)  the  total  market  size  for  new  rack¬ 
mounted  avionics  in  the  1985-2000  period.  Within  each  of  these  categories, 
the  proportion  to  be  installed  within  each  class  of  aircraft  should  be  deter¬ 
mined.  The  objective  of  this  subtask  is  to  determine  the  overall  sizing  and 
performance  drivers  for  future  PME  standards  and  the  extent  to  which  retrofit 
applications  should  be  considered. 

The  data  should  be  summarized  by  type  of  aircraft  and  class  of  avionics 
systems  (e.g.,  INS,  Transponder,  GPS,  MLS,  etc.),  and  a  screening  process 
performed  to  determine  those  avionics  and  aircraft  that  may  be  appropriate 
for  USAF  PME  standardization  and  those  that  should  be  exempted  from  it. 
Qualitative  and  quantitative  criteria  (technical,  economical,  and  operational 
factors)  that  govern  the  appropriateness  of  either  an  aircraft  type  or 
avionics  class  should  be  used  in  the  screening  process.  Examples  of  these 
factors  include: 

•  Technological  maturity  of  avionics 

•  Commonality  of  avionics  across  aircraft  installations 

•  Unique  operational  requirements  of  aircraft  or  avionics 

•  Total  number  of  avionics  needed  in  or  projected  for  the 
USAF  inventory 

6. 3. 1.2  Subtask  1.2  -  Development  of  Management  Approach 

This  subtask  develops,  for  USAF  coordination  and  approval,  an  overall 
management  approach  for  the  implementation  and  enforcement  of  the  selected 
standards.  The  approach  should  consider: 

•  The  roles  of  AFSC  and  AFLC  in  implementation  and  control 

•  Extent  of  participation  by  industry 
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Figure  6-3.  PME  DEVELOPMENT  PLAN  SCHEDULE 


•  Partial  versus  full  implementation  approaches 

•  Procurement  mechanisms 

The  results  of  the  analysis  should  be  presented  in  Program  Management 
Plan  (PMP)  format.  Included  in  the  plan  should  be  estimates  of  the  total 
in-house  resources  required  to  develop  the  PME  standard,  the  funding 
budgetaries,  appropriate  funding  elements,  and  detailed  schedules. 

6.3.2  Task  2  -  Development  of  "Strawman"  PME  Standards 

The  purpose  of  this  task  is  to  develop  the  initial  "strawman"  standards 
for  consideration  by  the  (JSAF  and  industry  technical  community.  Following 
the  guidance  provided  by  the  PME  standardization  road  map,  two  parallel,  but 
related,  investigations  are  indicated:  an  electrical  and  mechanical  common¬ 
ality  analysis  and  the  development  of  alternate  cooling  concepts. 

6. 3. 2.1  Subtask  2.1  -  Development  of  Electrical/Mechanical  Commonality 
Concepts 

The  preliminary  results  of  the  aircraft  applications  analysis  conducted 
in  Task  1.1  should  be  used  to  determine  the  extent  of  electrical  and  mechan¬ 
ical  commonality  to  be  addressed  by  the  PME  standard. 

Candidate  avionics  for  each  candidate  aircraft  should  be  surveyed  to 
identify  a  baseline  of  potential  interface  parameters,  the  permissible 
numerical  limits  of  each  parameter,  and  the  parameters  that  are  applicable 
to  multiple  installations.  The  following  are  examples  of  interface 
parameters : 

•  LRU  case  sizes 

•  Electrical  connector  types 

•  Signal  formats  (digital,  analog,  etc.) 

•  Power  requirements 

•  Vibration,  shock,  and  acceleration  values 

6 . 3 . 2 . 2  Subtask  2.2  -  Development  of  Cooling  Approaches 

The  results  of  ongoing  studies  on  cooling  techniques  conducted  in-house 
by  the  military  and  in  contractually  sponsored  efforts  (such  as  the  Boeing 
B-l  cooling  studies)  should  be  examined  for  application  to  the  candidate 
aircraft/avionics  groups.  This  effort  should  consider  (a)  the  direct  appli¬ 
cation  of  the  methods  employed  for  ARINC  600,  (b)  advanced  conduction  methods, 

and  (c)  the  impact  of  employing  avionics  designed  to  improve  thermal  environ¬ 
ments  in  aircraft  on  other  forms  of  environmental  control  systems. 

6. 3.2. 3  Subtask  2.3  -  Development  of  "Strawman"  Approaches 

"Strawman"  approaches  that  address  the  range  of  interface  requirements 
identified  in  Subtasks  2.1  and  2.2  should  be  developed.  These  approaches 
should  include: 
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•  USAF  PME  standard  designed  to  interface  with  commercial  standards 
(ARINC  600) 

•  USAF  unique  standards  such  as  the  following: 

••  PME  standard  common  to  all  USAF  aircraft 

••  PME  standards  applicable  to  specific  classes  of  aircraft 
• •  Avionics  environment  standard 

• •  Avionics  common  power  standard 


To  whatever  extent  possible,  approaches  should  be  considered  that 
permit  both  full  implementation  (e.g.,  for  new  aircraft  or  complete  avionics 
swap-outs)  and  partial  implementation  (e.g.,  for  retrofit  purposes). 

Technical  issues  and  problems  concerning  the  development  and  applica¬ 
tion  of  the  USAF  PME  standard  that  are  to  be  resolved  by  open-forum 
discussion  should  be  identified.  Major  USAF  organizations  and  manufacturers 
of  avionics  systems  and  aircraft  should  be  surveyed  for  relevant  information 
and  viewpoints.  Wherever  possible,  information  from  Navy,  Army,  and 
civilian  organizations  involved  with  avionics  installations  should  be 
obtained.  Major  areas  for  consideration  include: 

•  State-of-the-art  technologies  (post-1985)  that  will  drive  design 
of  PME  interfaces 

•  Market  factors  —  number  of  suppliers,  etc. 

•  Operational  constraints 

•  Impact  of  aircraft  system  configuration  management 

•  Logistics  support 

Possible  approaches  to  resolving  the  issues  and  problems  identified 
should  be  summarized.  An  outline  of  the  key  issues,  problems,  and  possible 
resolutions  should  be  provided  for  USAF  use  in  planning  and  preparing  the 
agenda  for  each  open-forum  meeting.  The  outline  should  also  be  given  to 
the  participants  prior  to  each  meeting. 

6.3.3  Task  3  -  Conduct  of  Open-Forum  Meetings 

This  task  involves  wide  participation  of  USAF  organizations,  other 
interested  government  agencies,  and  avionics  and  aircraft  manufacturers 
in  the  refinement  of  the  "strawman"  PME  standards. 

6 . 3 . 3 . 1  Subtask  3.1  -  Development  of  Agenda,  Issues,  etc . 

Prior  to  the  scheduling  of  the  open- forum  meetings,  agenda,  issues, 
and  procedures  should  be  established.  A  PME  standinq  committee  should  be 
established,  with  regular  members  from  AFSC,  AFLC ,  and  using  commands,  to 
oversee  the  implementation  of  the  open-forum  process.  Participants  and 
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their  assigned  functional  responsibilities  in  the  committee  should  be 
defined.  The  guidelines  in  the  Federal  Advisory  Committee  Act  (PL92-463, 
October  6,  1972)  should  be  referred  to  in  regard  to  this  task. 


The  standing  committee's  responsibilities  will  include  the  following: 

•  Careful  preparation  of  guidance  instructions  and  correspondence  so 
that  all  participants  will  clearly  understand  USAF  intent,  goals, 
and  expected  participation. 

•  Prior  study  and  analysis  to  identify  viable  approaches  and 
alternatives  to  the  problems  that  have  been  identified  before  an 
open-forum  meeting  is  convened. 

•  Allowance  of  sufficient  time  in  the  open-forum  process  for  the 
evolution  of  an  effective  standard  that  is  acceptable  to  all 
concerned. 

•  Performance  of  necessary  trade-offs  and  analyses  to  determine  the 
most  economical  form  of  PME  standard. 

6.3. 3.2  Subtask  3.2  -  Issue  of  Updates  to  the  PME  Standard 

As  soon  as  possible  after  each  open-forum  meeting  is  concluded,  the 
changes  to  the  standard  suggested  by  the  forum  participants  should  be 
incorporated  and  the  standard  re-issued.  Each  change  should  be  accompanied 
by  a  commentary  that  explains  the  reasons  for  its  adoption.  At  least  two 
months  should  be  scheduled  after  re-issue  of  the  specifications  to  permit 
the  participating  commands  to  analyze  the  impact  of  the  changes  on  their 
requirements . 

6. 3. 3. 3  Subtask  3.3  -  Conduct  of  Meetings 

We  expect  that  at  least  three  meetings  will  be  required  to  converge 
upon  an  acceptable  standard  —  more  may  be  required.  These  meetings  should 
be  conducted  with  rigorous  attention  to  agenda  and  purpose. 

6.3.4  Task  4  -  Development  of  Cost/Performance  Trade-Offs 

During  the  open-forum  meetings,  there  should  be  continuing  evaluations 
of  the  cost/performance  impacts  of  the  changes  suggested  by  the  participants. 
The  exact  nature  of  the  trade-offs  are  difficult  to  forecast  but  it  is  likely 
that  they  will  concern,  at  least,  the  following  matters: 

•  Avionics  acquisition,  modification/integration,  and  support 
costs 

•  Mechanical  interface  requirements 

•  Avionics  repackaging,  redesign  of  aircraft  mounting  racks 
and  environmental  control  systems 

•  Reliability  and  maintainability 

•  Mission  capabilities 


6.3.5  Task  5 


-  Implementation  of  the  PME  Standard 

The  PME  standard  developed  by  the  preceding  tasks  is  formalized  as 
an  approved  USAF  and/or  DoD-wide  Standard  by  this  task. 

6. 3. 5.1  Subtask  5,1  -  Establishment  cf  Control  Agency 

An  agency  should  be  designated  to  control  the  PME  standard  within 
the  USAF  and  in  other  military  services  if  applicable.  Possible  candidates 
include  ASD/AEA,  ASD/XRE ,  ASD/ENE,  or  the  FAC. 

6. 3. 5. 2  Subtask  5,2  -  Coordination  and  Approval  of  the  PME  Standard 

Should  the  USAF  decide  to  coordinate  the  PME  standard  with  the  Navy 
and  Army  for  possible  DoD-wide  application,  a  minimum  of  four  months 
will  be  required  for  a  MIL-STD  to  be  coordinated  and  approved.  This 
assumes  that  all  reviewers  have  participated  throughout  most  of  the 
development  of  the  draft  PME  standard  and  have  concurred  with  the  draft 
by  consensus  agreement  during  the  open-forum  meetings.  The  process,  in 
general,  involves  a  60-day  review  cycle  for  the  preliminary  draft  standard, 
followed  by  another  60-day  cycle  to  resolve  comments  and  obtain  coordinated 
approval.  Activities  required  are: 

•  Preparation  of  PME  military  standard  in  accordance  with 
MIL-STD-962 

•  Coordination  of  PME  military  standard  for  approval  in 
accordance  with  DoD  4120. 3-M 

•  Resolution  of  open  actions  from  the  coordination  cycle 

6 . 3 . 5 . 3  Subtask  5.3  -  Initial  Procurement 

Upon  approval  of  the  PME  standard  as  either  a  limited  coordination 
(Air  Force)  Military  Standard  or  as  a  coordinated  (DoD-wide)  Military 
Standard,  the  initial  applications  for  it  should  be  placed  under  procure¬ 
ment.  Initially,  it  is  envisioned  that  these  would  be  the  repackaging  of 
existing  equipments  in  accordance  with  the  new  Standard.  This  procurement 
should  be  initiated  well  in  advance  of  the  aircraft  installation  time,  so 
that  the  SPO  director  can  elect  other  options  if  testing  or  certification 
is  not  completed  in  time  to  mesh  with  production  schedules. 

6. 3.5.4  Subtask  5.4  -  Testing  and  Certification 

Testing  and  certification  will  occur  upon  delivery  of  the  proproduc¬ 
tion  items.  It  is  difficult  to  forecast  the  amount  of  time  required  for 
this  process  because  the  extent  of  interfaces  to  be  included  in  the  PME 
standard  has  not  been  determined. 


6.4  SUMMARY 


We  believe  that  the  success  of  USAF  PME  standardization  will  depend 
on  dedicated  participation  of  USAF  and  industry  personnel  who  are  involved 
in  avionics  development  or  aircraft  installation.  These  people  may  require 
assistance  in  understanding,  planning  with,  and  using  the  PME  standard. 

The  promotion  of  commonality  between  the  USAF  and  the  airlines'  standards 
could  be  mutually  beneficial.  Further,  the  military's  use  of  commercial 
standards  whenever  possible,  in  lieu  of  developing  new  military  standards, 
reflects  support  of  DoD  4120.20  guidance. 

The  development  of  a  USAF  PME  standard  will  take  place  over  a  period 
of  about  three  years  in  four  phases: 


Phase  I 
(1978  to 
present) 


Performance  of  preliminary  studies  to  evaluate  potential 
USAF  use  of  commercial  avionics  standards  and  determine 
the  potential  cost-benefit  relationships  associated  with 
the  USAF's  applying  PME  standardization  to  aircraft 
installations 


Phase  II  -  Performance  of  a  series  of  requirements  and  applications 
(1980-1981)  studies  and  analyses  leading  to  strawman  PME  standards 
for  the  open- forum  process. 


Phase  III  -  Development  of  the  PME  standard  by  the  open-forum  process. 

Validating  the  PME  standard  and  obtaining  approval  for  it 
as  a  MIL-STD. 


Phase  IV 


Implementation  of  the  PME  standard. 


Other  inferences  on  the  nature  of  the  USAF  PME  standard  and  its  imple¬ 
mentation,  which  can  be  drawn  from  this  plan  and  from  the  scenario  examined 
in  the  previous  chapter  are: 


•  Programs  within  the  USAF,  in  other  military  services,  and  in  indus¬ 
try  will  contribute  to  the  formulation  of  basic  design  requirements. 
Study  and  planning  will  also  be  needed  to  provide  design  options 
and  data  from  which  one  or  more  "strawman"  PME  standards  can  be 
developed.  An  AEEC-like  open-forum  procedure,  involving  represent¬ 
atives  of  the  military  developer,  user,  and  logistics  agencies  and 
aircraft  and  avionics  manufacturers,  is  seen  as  the  most  effective 
way  to  produce  a  well  balanced  avionics  standard  and  to  obtain  all- 
around  support  for  its  application. 

•  Some  of  the  aspects  of  PME  standardization  can  be  implemented  pro¬ 
gressively.  For  example,  a  common  power  standard  could  be  applied 

to  the  electric  power  supply  of  the  next  new  aircraft  program;  exist¬ 
ing  configurations  of  environmental  control  systems  could  be  upgraded 
to  meet  an  improved  cooling  standard.  Other  aspects  of  PME  stan¬ 
dardization  need  cautious  planning  so  that  they  do  not  conflict  with 
technology  growth  (e.g.,  in  aircraft  configuration,  environmental 
support  techniques,  and  avior.ics  component  and  device  integration) 
or  with  possible  subsequent  higher  levels  of  standardization. 


While  the  use  of  a  PME  standard  generates  its  own  advantages,  expand¬ 
ing  the  concept  from  one  of  form,  fit  (F2),  and  environment  to  one  of 
form,  fit,  function  (F3),  and  environment  raises  the  likelihood  of 
future  functional  standardization,  which  has  been  widely  discussed 
but  only  occasionally  implemented  in  the  Air  Force.  The  benefits 
achieved  through  the  combination  of  box  and  functional  standardiza¬ 
tion  are  synergistic:  the  user  and  the  supplier  enjoy  continuing 
competition,  interchangeability,  maturity,  and  ease  of  modification, 
and  also  work  within  the  framework  of  a  well  established,  recognized, 
and  accepted  discipline  that  encourages  its  own  use. 

PME  standardization  can  be  applied  to  any  class  of  avionics  as  a 
box  standard.  Functional  standardization  should  probably  be  added 
only  for  common  and  mature  avionics  functions  —  mission  avionics 
should  be  considered,  at  best,  only  if  they  have  reached  an  eauiv- 
alent  stage  of  maturity.  In  short,  F  can  be  applied  to  most 
avionics;  F  probably  should  be  limited  to  common  avionics  and  per¬ 
haps  the  less  complex  mission  avionics  functions.  The  following 
is  a  possible  sequence  of  events: 

••  An  initial  "strawman"  PME  standard  could  address  box  size,  cool¬ 
ing  interface,  rack-mounting  arrangements,  and  connector  con¬ 
figuration;  it  should  be  adaptable  to  all  "avionics  bay"  LRU 
applications ■ 

••  Individual  functional  standardization  planning  could  follow  for 
mature  avionics  subsystems:  this  would  lead  to  "strawman" 
standards  for  "form,  fit,  and  function"  specifications  appli¬ 
cable  to  future  Air  Force  procurements  with  standardized 
interwiring . 

••  As  digital  data  bus  standardization  becomes  more  widespread, 
standard  interwiring  constraints  will  become  less  burdensome 
and  an  increasing  proportion  of  avionics  LRU  specifications 
could  well  be  upgraded  from  an  F'  eonte  t  to  an  F  content. 

While  PME  standardization  techniques  are  appropriate  for  all  USAF 
aircraft,  the  idea  of  undertaking  an  entire  avionics-system  over¬ 
haul  to  incorporate  new  avionics  standards  in  existing  aircraft 
does  not  appear  reasonable.  However,  when  entirely  new  avionics 
suites  are  being  considered  for  retrofit,  as  in  the  case  of  the 
B-52,  F-4G,  etc.,  there  may  well  be  merit  to  a  wholesale  incorpora¬ 
tion  of  the  new  standards.  This  would  need  to  be  evaluated  on  an 
aircraft-by-aircraft  basis  after  basic  PME  acquisition  and  installa¬ 
tion  cost  factors  have  been  ascertained.  On  new  aircraft,  the 
incorporation  of  a  PME  standard  would  be  an  inteural  part  of  the 
design  process;  this  appears  to  be  the  most,  reasonable  place  to 
initiate  the  concept. 
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CHAPTER  SEVEN 


CONCLUSIONS 


This  chapter  summarizes  our  conclusions  in  each  of  the  areas  addressed 
in  the  study.  We  have  organized  these  conclusions  into  five  areas,  corre¬ 
sponding  to  the  emphasis  areas  delineated  in  the  Statement  of  Work:  (1)  A 
comparison  of  military  and  airlines  standards,  (2)  potential  use  of  commer¬ 
cial  avionics,  (3)  cost-benefit  relationships  associated  with  the  PME  stan¬ 
dard,  (4)  examination  of  selected  technical  aspects  of  the  PME  standard, 
and  (5)  an  implementation  plan. 


7.1  COMPARISON  OF  MILITARY  AND  AIRLINES  STANDARDS 

Because  of  their  different  origins  and  objectives,  there  is  consider¬ 
able  divergence  between  the  standards  and  specifications  that  govern  USAF 
avionics  procurement  and  those  that  serve  a  parallel  function  for  civil 
aviation  —  FAA ,  RTCA,  and  ICAO  performance  standards  and  commercial  airlines 
(ARINC)  form,  fit,  function  (F3)  standardization  characteristics.  We  con¬ 
cluded  that  these  fall  into  three  generic  classifications: 

•  Physical  and  Performance  Differences  -  Airlines  units  may  be  too 
big  for  space-premium  USAF  aircraft,  may  not  withstand  the  physical 
environment  of  those  aircraft,  or  may  not  provide  th-  performance 
characteristics  required  by  those  aircraft.  In  some  cases,  accommo¬ 
dations  may  be  made,  but  generally  this  class  of  differences  dis¬ 
suades  the  use  of  commercial  equipments. 

•  Electrical  and  Mechanical  Interface  Differences  -  These  encompass 
differences  in  connectors,  data  formats,  cooling-air  needs,  etc., 
which  result  from  differences  in  military  and  commercial  practices. 
Minor  modifications  or  waiver  of  military  requirements  can  make 
commercial  avionics  acceptable  for  military  use.  Nine  specific 
areas  of  waiver  or  exemption  are  identified  in  Chaffer  Two. 

•  Procurement  Documentation  Differenc-  s  -  ARINC  Characteristics  specify 
form,  fit,  and  function  (f3)  inti  r faces  and  do  not  detail  design 
features  or  specify  piece-parts  and  processes.  MIL  Specifications 
detail  design  and  construction  as  well  as  performance  required. 

Also,  dif ferences  occur  in  ap;.  lication  of  quality  control  ,  vendor 
participation,  and  acquisition  practices.  These  differences  do  not 
affect  the  functional  adequacy  of  commercial  equipments,  but  they 

do  raise  concerns  in  military  acquisition  and  logistics  circles. 
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7.2  POTENTIAL  USE  OF  COMMERCIAL  AVIONICS 

Commercial  airlines  flight-essential  avionics  are  designed,  manufac¬ 
tured,  tested,  and  certified  to  a  well  defined  and  documented  set  of  stan¬ 
dards,  which  correlate  qualitatively,  and  sometimes  quantitatively,  with 
equivalent  military  specifications  and  standards.  The  key  specification 
that  has  been  in  use  in  the  commercial  airlines  "since  1956  is  ARINC  Speci¬ 
fication  404:  Air  Transport  Equipment  Boxes  and  Racking.  Avionics  equip¬ 
ments  defined  by  current  ARINC  Characteristics  (the  ”500  series")  comply 
with  ARINC  404A  and  provide  a  high  degree  of  interchangeability  between 
like  units  supplied  by  different  avionics  manufacturers.  The  airlines  have 
developed  and  implemented  a  new-generation  racking  specification  --  ARINC 
Specification  600.  The  principal  advance  of  ARINC  600  over  ARINC  404A  is 
in  its  ensuring  the  availability  of  improved  cooling  by  limiting  the  avionics 
thermal  dissipation  according  to  the  LRU  case  size  and  by  requiring  ade¬ 
quate  quantities  of  clean  cooling  air  to  be  furnished  to  it.  Other  changes 
redefine  the  allowed  avionics  case  sizes  and  introduce  a  new  style  "low 
insertion  force"  rear  connector  and  revised  box  hold-down  arrangements. 
Avionics  equipments  conforming  to  ARINC  600  are  defined  by  ARINC  Character¬ 
istics  in  the  "700  series."  The  ARINC  700  series  Characteristics  also 
standardize  data  input  and  output  to  the  digital  formats  of  ARINC  Specifi¬ 
cation  429,  Digital  Information  Transfer  System  (DITS)  and,  where  appropri¬ 
ate,  to  ARINC  Specification  453,  Very  High  Speed  Data  Bus.  On  the  basis 
of  our  review  of  selected  commercial  standards  and  their  applications  to 
specified  USAF  aircraft,  we  make  the  following  conclusions: 

•  Existing  commercial  avionics  are  broadly  applicable  to  use  in  mili¬ 
tary  transport  aircraft;  only  relatively  simple  racking  and  inter¬ 
face  changes  are  required  in  aircraft  not  originally  designed  for 
commercial  avionics. 

•  Existing  commercial  avionics  can  be  us.  d  in  bombers  and  other  pene¬ 
tration  aircraft  if  racking  and  interface  modifications  are  made 

in  the  aircraft  and  if  the  aircraft  and/or  avionics  are  modified 
to  provide  required  interface-  with  miss, ion  equipment,  to  prevent 
EMI,  and  to  provide  for  EMF  and  nuclear  hardening 

•  Existing  commercial  avionics  g.  n.  rally  will  not  bo  applicable  to 
high-performance  aircraft  bo-caus-  of  .  ;  ae-  ,  environment,  or  per¬ 
formance  constraints;  in  some  cases,  however,  available  space  may 
permit  installation  of  selected  avion i  -s  and  necessary  interfaces. 

•  Use  of  future  commercial  avionics  will  r--quir>  ad  at  tive  work  in 
USAF  aircraft.  In  addition,  i  <mus-  they  ace..;  t  only  digital  inputs 
and  provide  only  digital  out;  uts  (both  to  1 1 1  <  -  ARINC  4.’  1  format)  , 
future  commercial  avionics  will  r.quir  additional  interface  equip¬ 
ment  to  make  them  compatible  wit::  existing  analog  inputs  and/or 
with  the  MIL-STD-1553  data  bus. 

•  The  cost-benefit  relation::),  it  s  associated  wi*h  the  USAF  *  s  use  of 
commercial  avionics  are  difficult  to  articulat.  .  Tlv  ■  us-  of  com¬ 
mercial  avionics  can  circumvent  the  development  time  and  cost  of 
military  procurement  in  circumstances  where  military  equipment  is 


not  readily  available.  The  acquisition  cost  of  commercial  avionics 
is  comparable  to  large-lot  GFE  procurements  for  similar  functional 
systems.  The  greater  maturity  and  higher  reliability  in  commercial 
avionics,  generally  due  to  higher  flying-hour  experience  and  con¬ 
tinuing  vendor  involvement,  tend  to  offset  higher  logistics  cost 
that  may  be  introduced  by  non-standard  parts .  Each  procurement 
should  continue  to  be  evaluated  on  a  case-by-case  basis. 


7.3  COST- BENEFIT  PME  RELATIONSHIPS  ASSOCIATED  WITH  THE  STANDARD 

The  scenario  that  we  used  to  perform  the  PME  cost-benefit  analysis 
included  a  mix  of  three  types  of  aircraft  that  are  currently  in  the  USAF ' s 
projected  force  structure:  (1)  high-performance  tactical,  (2)  tactical 
attack/observation,  and  (3)  cargo/ transport;  it  also  included  two  groupings 
of  appropriate  avionics:  (1)  common  equipments  and  (2)  mission  equipments 
This  subset  of  the  force  is  proportionally  representative  of  the  total  USAF 
current  inventory  (60  percent  of  the  aircraft  arc  of  the  one-  or  two  seater 
type) .  If  all  applications  were  included  in  the  analysis,  larger  returns 
in  the  aggregate  might  be  shown.  However,  it  was  not  possible  to  determine 
realistically  the  extent  to  which  the  PME  standardization  alternatives 
might  be  implemented  in  an  existing  aircraft  architecture,  because  such 
modifications  are  currently  performed  on  an  equipmont-by-equipment  basis. 
Implementation  of  a  PME  standard  would  apt  ear  feasible  only  if  the  modifi¬ 
cations  were  grouped  for  major  swap-outs,  as  is  the  case  in  the  current 
B-52  update  program. 

The  following  are  key  conclusions  that  : rovido  good  direction  for 

future  work: 

•  Aircraft  not  yet  designed  appear  to  ],••  the  Lest  candidates  for  impl 
mentation  of  the  USAF  PME  standard.  For  these  aircraft,  our  anal¬ 
ysis  showed  that  economic  advantages  would  accrue  through  the  PME 
standardization  alternatives  in  the  following  order  of  merit:  (1) 
LRU  standard,  (2)  rack/mounting/interface  standard,  (3)  full  PME 
standard,  (4)  common  power  standard,  and  (5)  environmental  standard 
Payback  periods  varied  from  5  to  15  years  depending  on  investment 
required  and  benefits  gained. 

•  Fighter-type  aircraft  comprise  the  largest  component  of  the  USAF 
projected  force  and  the  largest  component  of  the  representative 
force  addressed  in  this  analysis.  Even  small  cost  payback  changes 
associated  with  this  class  of  aircraft  will  derive  large  changes 
in  total  USAF  avionics  life-cycle  cost. 

•  Radar,  weapon-delivery,  and  electronic-warfare  avionics  costs  dom¬ 
inate  the  avionics  suite  LCC  and,  consequently,  have  the  biggest 
potential  quantitative  payback  for  PME  standardization. 


•  The  "common"  group  of  avionics,  which  is  the  most  amenable  to  the 
use  of  commercial  or  similar  standards,  represents  only  a  minor 
part  of  the  total  cost  of  the  avionics  for  a  combat  aircraft;  how¬ 
ever,  one  must  remember  that  operational  benefits  stem  from  any 
availability  improvements  in  flight  essential  functions. 

•  Installation  of  new  PME  standard  equipments  (racks,  mounting  pro¬ 
visions,  connectors  and  cables,  environmental  control,  etc.)  in 
older  aircraft  would  cost  at  least  as  much  as  installation  in  new 
produciion-line  aircraft,  and  most  likely  a  great  deal  more.  Any 
saving  attributable  to  upgrading  older  aircraft  with  PME  standards 
would  necessarily  be  less  than  that  for  new  aircraft  by  the  increased 
cost  of  installation.  Since  the  payback  time  would  be  longer, 

there  would  be  less  opportunity  to  secure  the  possible  benefits 
because  of  the  age  of  the  aircraft  at  the  outset.  If  a  PME  stan¬ 
dard  is  implemented,  the  value  of  installing  PME  equipments  on 
older  aircraft  would  need  to  be  evaluated  by  trade-off  studies  on 
a  case-by-case  basis  as  hard  PME  cost  data  were  developed. 

•  Environmental  improvement  implemented  in  conjunction  with  PME  stan¬ 
dardization  would  have  a  much  more  significant  payback  potential 
than  environmental  improvement  impl eme: '.ted  alone. 

•  The  common  power  standard  can  be  implemented  on  a  stand-alone  basis. 
The  implementation  cost  necessary  to  provide  better  regulation, 
voltage  spike  protection,  and  outage  prevention  is  much  less  than 
that  for  the  improved  cooling  system.  Currently,  this  protection 
must  be  provided  within  each  LRU.  The  payback  starts  by  removing 
this  cost  from  the  LRU  (acquisition  saving)  and  continues  with 
improved  reliability  (O&S  saving) . 

•  The  standardization  choices  are  not  mutually  exclusive;  for  example, 
continued  use  of  commercial  standards  for  transport-type  aircraft 
and  adaptation  of  the  ARINC  standards  for  other  applications  could 
be  approached  simultaneously;  or  an  LRU  packaging  standard  developed 
initial’-/  could  later  be  included  as  part  of  a  full  PME  standard. 


7.4  SELECTED  TECHNICAL  ASPECTS  OF  PME  STANDAR.DIZATION 

ARINC  500  and  700  series  avionics  equipments  have  different  degrees  of 
direct  usability  in  USAF  aircraft.  Except  where  space,  environment,  or 
performance  prohibit  it,  adaptability  can  bo  achieved  through  interface 
accommodation,  waiver  of  standards,  and  changes  in  the  procurement  process. 
These  requirements  often  cannot  be  accommodated  within  the  authority  of  the 
military  procuring  agency,  with  the  result  that  frequently  a  decision  is 
made  to  pursue  a  military  development .  In  many  uses,  this  spawns  another 
new  and  individualistic  piece  oc  USAF  equipment.  A  PME  standard  that  has 
attributes  similar  to  ARINC  standards  can  remove  many  of  these  superficial 
obstacles  to  the  use  of  commercial  equipments.  Among  the  industry  repre¬ 
sentatives  we  surveyed,  there  is  i  consensus  that  applying  a  USAF  PME  stan¬ 
dard  is  a  suitable  way  to  gain  many  standardization  benefits  attributed  to 
commercial  practices,  even  if  commercial  avionics  themselves  are  not  employed . 
This  notion  complements  the  current  USAF  standardization  thrust,  by  providing 


cross-system  benefits  of  standardization  as  well  as  those  gained  by  the  GFE 
approach.  The  PME  concept  can  extend  from  standard  boxes,  racks,  plugs, 
wiring,  test  equipment,  installation  design,  and  modification  process  to 
power  sources,  environmental  control  sources,  ducting,  and  porting.  In 
addition,  it  introduces  a  high  potential  for  commonality  in  many  other 
aspects  across  multiple  platforms. 

We  make  the  following  specific  conclusions: 

•  Sizing  is  the  main  point  of  contention  associated  with  a  PME  stan¬ 
dard.  ARINC  404A  and  600  standards  are  considered  "frequently  too 
large,"  especially  for  space-constrained  fighter-type  aircraft. 

Sizing  in  a  PME  standard  should  accommodate  generalized  USAF  needs; 
while  a  single  standard  would  be  preferable,  multiple  standards  may 
be  necessary  to  serve  the  full  range  of  USAF  needs  economically. 
Perhaps  some  combination (s)  of  USAF  and  commercial  sizing  would  be 
possible,  to  permit  cross-fit  of  equipments.  The  order  of  priority 
in  size  concerns  appears  to  be:  first,  height;  second,  length. 

Width  is  not  mentioned  as  a  concern. 

•  The  next  most  severe  contention  centers  around  environmental  control, 
which  would  require  design  to  maximize  long-term  benefits  of  current 
and  future  techniques.  If  designed  and  implemented  carefully,  an 
environmental  standard  could  benefit  not  only  the  prime  users  (such 
as  the  F-16  and  F-lll)  but  also  those  who  would  achieve  environmen¬ 
tal  control  as  a  bonus.  While  good  environmental  design  parameters 
certainly  do  not  lower  design  and  acquisition  costs,  they  do  provide 
lower  peak  operating  temperatures ,  which,  in  turn,  reduce  equipment 
failure  rates  and  hence  operating  and  support  cost. 

••  Convection  cooling  continues  to  serve  the  commercial  airlines 

needs  because  of  the  availability  of  pressurized  and  conditioned 
cabin  air  and  the  acceptability  of  low-density  avionics  packag¬ 
ing.  Military  aircraft  designs,  too,  have  continued  to  use  con¬ 
vection  cooling  for  most  avionics  installations,  in  spite  of 
the  performance  shortcomings  that  occur  under  some  military 
operating  conditions.  At  the  same  time,  escalating  performance 
requirements  have  forced  avionic;;  designers  to  achieve  denser 
component  packaging,  pushing  the  state  of  the  art  of  high- 
temperature  electronic  components. 

••  Alternative  techniques  for  removing  ■  xcess  heat  from  avionics 
components  have  been  amply  demonstrated  in  mission-equipment 
installations  where  forced-air  cooling  is  not  sufficiently 
effective.  Advanced  environmental  studies  an'  in  process  in 
industry  today;  if  the  results  .m  available  in  time,  they 
deserve  assessment  before  USAF  environmental  standardization 
features  ar'1  settled  on. 

•  Vibration  standards  and  the  qualification  testii g  relating  to  them 
need  to  be  reconsidered  in  conjunction  with  potential  shock  mounting 
techniques.  Vibration  isolation  for  a  complete  avionics  box-rack 


combination  presents  qualification-test  problems;  hard  mounting  is 
preferable,  but  vibration  test  conditions  appropriate  to  specific 
aircraft  and  box  locations  should  be  specified.  The  current  method 
of  generalizing  requirements  frequently  leads  to  over-specifying 
qualification  tests  and,  consequently,  the  equipment  itself.  Bene¬ 
fits  could  accrue  from  lower  cost  for  production  and  qualification 
testing . 

•  Quality  control  requirements  on  piece-parts  create  cost  escalation 
for  military  equipments  that  is  not  necessarily  incurred  by  commer¬ 
cial  counterparts.  In  the  views  of  several  avionics  manufacturers, 
however,  the  higher  price  of  military  quality  control  does  not  buy 
better  quality.  Rather,  MTBF  guarantees  can  be  used  to  provide  a 
positive  incentive  for  a  contractor  to  achieve  proper  design  for 
good  performance.  RIW  also  gives  the  manufacturer  a  continuing  oppor¬ 
tunity  to  improve  equipment  performance  if  he  chooses  to  —  or  needs  to 
—  to  forestall  an  unacceptable  deterioration  in  performance. 


7.5  PME  IMPLEMENTATION  PLAN 

An  avionics  standard  for  packaging,  mounting,  and  environmental  control 
must  be  applicable  to  a  wide  variety  of  equipments  and  aircraft  and  accept¬ 
able  to  the  user  and  logistics  communities.  It  must  be  managed  according 
to  a  concept  that  stimulates  and  facilitates  its  use,  primarily  in  new  air¬ 
craft  programs  but  also  in  major  avionics  modernization  programs.  Decisions 
must  be  made  concerning  the  "depth"  of  the  standardization  to  be  specified, 
the  form  factors  and  interface  parameters  that  are  to  be  preferred,  and  the 
classes  of  aircraft  to  be  involved.  We  conclude  that  the  following  specific 
matters  should  be  addressed: 

•  Programs  within  the  USAF,  in  other  military  services,  and  in  indus¬ 
try  will  contribute  to  the  formulation  of  basic  design  requirements. 
Study  and  planning  will  also  be  needed  to  provide  design  options 
and  data  from  which  one  or  more  "strawman"  PME  standards  can  be 
developed.  An  AEEC-like  open-forum  procedure,  involving  represent¬ 
atives  of  the  military  developer,  user,  logistics  agencies,  and 
aircraft  and  avionics  manufacturers,  is  seen  as  the  most  effec¬ 
tive  way  to  produce  a  well  balanced  avionics  standard  and  obtain  all- 
around  support  for  its  application. 

•  Some  of  the  aspects  of  PME  standardization  can  be  implemented  pro¬ 
gressively.  For  example,  a  common  power  standard  could  ho  applied 

to  the  electric  power  supply  of  the  next  new  aircraft  program;  exist¬ 
ing  configurations  of  environmental  control  systems  could  be  upgraded 
to  meet  an  improved  cooling  standard.  Other  aspects  of  PME  stan¬ 
dardization  need  cautious  planning  so  that  they  do  not  conflict  with 
technology  growth  (c.g.,  in  aircraft  configuration,  environmental 
support  techniques,  and  avionics  component  and  device  integration) 
or  with  possible  subsequent  higher  levels  of  standardization. 

•  While  the  use  of  a  PME  standard  generates  its  own  advantages,  expand¬ 
ing  the  concept  from  one  of  form,  fit  (F-),  and  environment  to  one 
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of  form,  fit,  function  (F2) ,  and  environment  raises  the  likelihood 
of  future  functional  standardization,  which  has  been  widely  dis¬ 
cussed  but  only  occasionally  implemented  in  the  Air  Force.  The 
benefits  achieved  through  the  combination  of  box  and  functional 
standardization  are  synergistic:  the  user  and  the  supplier  enjoy 
continuing  competition,  interchangeability,  maturity,  and  ease  of 
modification,  and  also  work  within  the  framework  of  a  well  estab¬ 
lished,  recognized,  and  accepted  discipline  that  encourages  its 
own  use. 

PME  standardization  can  be  applied  to  any  class  of  avionics  as  a 
box  standard.  Function  standardization  should  probably  be  added 
only  for  common  and  mature  avionics  functions  --  mission  avionics 
should  be  considered,  at  best,  only  if  they  have  reached  an  equiv¬ 
alent  stage  of  maturity.  In  short,  F2  can  be  applied  to  most 
avionics;  F2  probably  should  be  limited  to  common  avionics  and  per¬ 
haps  the  less  complex  mission  avionics  functions.  The  following 
is  a  possible  sequence  of  events: 

••  An  initial  “strawman"  PME  standard  could  address  box  size,  cool¬ 
ing  interface,  rack-mounting  arrangements,  and  connector  con¬ 
figuration;  it  should  be  adaptable  to  all  "avionics  bay"  LRU 
applications . 

••  Individual  functional  standardization  planning  could  follow  for 
mature  avionics  subsystems ;  this  would  lead  to  "strawman" 
standards  for  "form,  fit,  and  function"  specifications  appli¬ 
cable  to  future  Air  Force  procurements  with  standardized 
interwiring. 

••  As  digital  data  bus  standardization  becomes  more  widespread, 
standard  interwiring  constraints  will  become  less  burdensome 
and  an  increasing  proportion  of  avionics  LRU  specifications 
could  well  bo  upgraded  from  an  F2  content  to  an  F2  content. 

While  PME  standardization  techniques  are  appropriate  for  all  USAF 
aircraft,  the  idea  of  undertaking  an  entire  avionics-system  over¬ 
haul  to  incorporate  now  avionics  standards  in  existing  aircraft 
does  not  appear  reasonable:.  However,  when  entirely  new  avionics 
suites  are  being  considered  for  retrofit,  as  in  the  case  of  the 
B-52,  F-4G,  etc.,  there1  may  well  b<-  merit  to  a  wholesale  incorpora¬ 
tion  of  the  new  standards.  This  would  need  to  be  evaluated  on  an 
aircraft-by-aircraft  basis  after  basic  PME  acquisition  and  instal¬ 
lation  cost  factors  have  been  ascertained.  On  new  aircraft,  the 
incorporation  of  a  PME  standard  would  be  an  integral  part  of  the 
design  process;  this  appears  to  be  the  most  reasonable  place  to 
initiate  the  concept. 
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CHAPTER  EIGHT 


RECOMMENDATIONS 


Commercial  airlines  standard  avionics,  existing  and  future,  have  valid 
applicability  to  USAF  aircraft.  We  make  the  following  recommendations  for 
pursuing  this  course: 

•  Procedural  restraints  and  maintenance  concepts  should  be  reevaluated 
and  restructured  to  encourage  the  use  of  these  equipments  wherever 
this  course  is  technically  and  economically  valid;  appropriate  revi¬ 
sions  should  be  made  to  MIL-Standard  directives. 

•  Standardized  approaches  to  solving  typical  integration  difficulties 
should  be  developed. 

•  Volumetric  and  environmental  criteria  should  be  established  to  give 
general  guidance  on  the  applicability  to  high-performance  space- 
premium  aircraft. 

•  Ultimately,  each  aircraft  program  decision  should  be  the  result  of 
an  individual  trade-off  evaluation  of  its  common-avionics  needs 
interfaces,  and  cost  constraints. 

•  While  pursuing  the  development  of  its  own  PME  standard, the  USAF  should 
undertake  actions  to  foster  greater  commonality  in  avionics  systems; 
these  could  include  the  sponsorship  of  a  MIL-SPEC  for  the  ARINC  600 
low-insertion-force  connector  and  mutual  cooperation  in  the  develop¬ 
ment  of  concepts  for  fiber  optics  data  busses  and  software  standards. 

The  following  specific  actions  are  recommended  for  establishing  the 
USAF  PME  standard: 

•  Official  USAF  projections  of  new  aircraft  contruction  and  major 
retrofit  programs  should  be  reviewed  to  determine  the  total  market 
size  for  new  rack-mounted  avionics  in  the  1985  to  1995  period. 

The  avionics  should  be  categorized  by  type  of  system  (radar  altim¬ 
eter,  INS,  etc.),  and  within  each  category  the  proportion  to  be 
installed  within  each  class  of  aircraft  should  be  determined.  This 
process  will  identify  the  10-year  equipment  universe  and  'rformance 
drivers  for  the  PME  standard  and  the  extent  to  which  retrofit  appli¬ 
cations  should  be  considered . 
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An  overall  management  approach  for  the  implementation  and  enforce¬ 
ment  of  the  selected  standard  should  be  developed.  The  approach 
should  consider  the  following  particulars: 

••  The  roles  of  AFSC  and  AFLC  in  implementation  and  control 
••  The  extent  of  participation  by  industry 
••  Partial  versus  full-up  implementation  approaches 
• •  Procurement  mechanisms 

The  initial  "strawman"  standards  for  consideration  by  the  USAF  and 
industry  technical  community  should  be  developed.  Following  the 
quidance  provided  by  the  PME  standardization  road  map,  two  parallel 
but  related  tasks  should  be  undertaken:  an  electrical  and  mechnical 
commonality  analysis  and  development  of  alternate  cooling  concepts. 

Candidate  avionics  for  each  candidate  aircraft  should  be  surveyed 
to  develop  a  baseline  of  potential  interface  parameters,  develop 
the  permissible  numerical  limits  of  each  parameter,  and  identify 
the  parameters  that  are  applicable  to  multiple  installations. 

The  result  of  ongoing  studies  of  cooling  techniques  conducted  by 
the  military  and  in  contractually  sponsored  efforts  (such  as  the 
Boeing  B-l  cooling  studies)  should  be  examined  for  application  to 
the  candidate  aircraft/avionics  groups. 

Agenda,  issues,  and  procedures  should  be  established  for  the  open- 
forum  meetings  at  which  the  USAF  PME  standard  will  be  developed,  a 
PME  standing  committee  should  be  established,  with  regular  members 
from  AFSC,  AFLC,  and  using  commands,  to  oversee  the  implementation 
of  :he  open-forum  process.  Participants  and  their  assigned  func¬ 
tional  responsibilities  in  the  committe  should  be  defined. 

During  the  open-forum  meetings,  there.'  should  be  continuing  evalua¬ 
tions  of  the  cost/performance  impacts  of  the  changes  suggested  by 
the  participants.  The  exact  nature  of  the  trade-offs  are  difficult 
to  forecast,  but  it  is  likely  that  they  will  concern,  at  least,  the 
following  matters: 

••  Avionics  acquisition,  modification/intogration,  and  support  costs 

••  Avionics  repackaging,  redesign  of  aircraft  mounting  racks,  etc., 
and  environmental  control  systems 

••  Reliability  and  maintainability 

••  Mission  capabilities 
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ASD/XRE  GUIDANCE 


Information  and  guidance  provided  by  the  U.S.  Air  Force,  Directorate 
of  Avionics  Planning,  in  identifying  avionics  eouipment  and  functions  of 
primary  interest  for  analysis  under  Task  1  is  reproduced  in  this  appendix 
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ATTN 


or  ASO/XRE 


DEPARTMENT  OF  THE  AIR  FORCE 

HEADQUARTERS  AERONAUTICAL  SYSTEMS  DIVISION  (aFSCI 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  45433 


subject  standard  Packaging,  Mounting,  and  Cooling  Baseline  Study  -  Contract 
No.  F33657-79-C-0717 


to  ARINC  Research  Corp.  (Mr  James  Russell) 
2551  Riva  Road 
Annapolis,  MD  21401 


The  following  information  is  provided  to  assist  you  in  Task  3.1.2 
of  the  subject  contract: 

a.  HF  Radio- 


The  study  should  examine  the  possible  utilization  of  an  ARINC 
559A  or  ARINC  719  HF  radio  in  the  B-52,  KC-135,  C-5,  F-lll,  and 
FB-111.  The  radio  would  replace  radios  such  as  the  ARC-65,  ARC-58, 
AT-440,  ARC-123,  or  618T.  The  study  should  examine  the  ARC-/XX 
radio  characteristics  as  defined  by  WR-ALC/MMIM.  Military  require¬ 
ments  which  affect  utilization  of  a  commercial  HF  radio  should  be 
identi fied. 

Attachment  1  is  descriptive  information  for  the  Collins 
Model  728U  radio  which  is  being  procured  for  the  ARC-XXX  (ARC-65 
replacement).  The  WR-ALC  specification  for  the  ARC-XXX  will  be  for¬ 
warded  to  you  as  soon  as  received  by  this  office. 

b.  Radar  Altimeter- 


The  study  should  examine  the  possible  utilization  of  an 
ARINC  552A  or  ARINC  707  radar  altimeter  in  the  H-3,  C-130,  F-4  C/D/E, 
F/FB-111,  H053,  C-130  E/H,  A-70,  and  C-141A.  The  altimeter  would 
replace  altimeters  such  as  the  APN-150,  APN-155,  APN-167,  APN-171, 
APN-194,  or  AWLS.  Military  requirements  which  affect  utilization  of 
a  commercial  radar  altimeter  should  be  identified. 

It  is  expected  that  ARINC  can  use  in-house  data  gathered 
during  the  LARA/HARA  specification  formulation  to  examine  the  above 
applications.  In  addition,  Attachments  2,  3,  and  4  provide  USAF 
comments  to  the  ARINC  LARA/HARA  specifications  which  may  be  of  use 
to  you  during  this  study. 

c.  Weather  Radar- 


The  study  should  examine  the  possible  utilization  of  an 
ARINC  564  or  ARINC  708  radar  in  the  C-141,  KC- 10,  C-5,  C-130, 

E-3A,  and  KC-135.  The  radar  would  replace  radars  such  as  the  RDR- 
1FB,  AVQ- 30X ( X ) ,  APQ-122(V)5,  or  APN-59(E).  Military  requirements 
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which  affect  the  utilization  of  a  commercial  radar  should  be 
identified. 


Contact  Mr  Robert  Bellflower,  WRALC/MMIRCR  (telephone  912- 
926-5091)  for  specification  data  on  the  APN-59(E)  and  RDR-IRB. 
Attachment  5,  CEI  Specification  CP  681895  for  Radar  Set  APQ- 122 ( V ) 5 
which  is  representative  of  the  weather  radar  in  new  production 
C-130  aircraft  is  provided.  Attachment  6  AVQ-30X(X)  specification 
1712990  covering  the  weather  radar  being  used  in  the  E-3A  including 
recent  changes  is  also  included.  Attachment  7  covers  additional 
information  on  the  modified  Bendix  RDR-1FB  radar  to  be  used  in  the 
KC-10A.  This  data  is  preliminary  since  this  is  a  contractor  furnished 
item.  Specification  MIL- R- 5582  covering  the  radar  beacon  function 
of  all  weather  radars  is  supplied  as  Attachment  8. 

d.  Crash  Data  Recorder- 


The  study  should  examine  the  possible  utilization  of  an 
ARINC  500-series  or  ARINC  700-series  flight  data  recorder  in  the 
C-5,  C-9,  VC-137,  C-141,  E-3A,  and  E-4. 

e.  Ground  Proximity  Warning  System- 

The  study  should  examine  the  possible  utilization  of  an 
ARINC  594  or  ARINC  723  GPWS  in  the  C-5,  C-141,  T-43,  and  VC-140. 

f.  Air  Data  Computer- 

The  study  should  examine  the  possible  utilization  of  a  commercial 
air  data  system  to  replace  the  air  data  computer  function  in  the 
E-3A,  E-4,  KC-10,  and  C-141. 

g.  Inertial  Navigation  System- 

The  study  should  examine  the  possible  utilization  of  an 
ARINC  561-11  or  ARINC  704  INS  in  the  A-10,  F-16,  F-lll,  F-4,  and 
AMST. 


We  have  previously  supplied  you  with  the  specification  for 
the  Standard  Medium  Accuracy  Navigation  ( F3I NS ) .  This  document  should 
be  useful  for  comparing  commercial  requirements  to  military  requirements. 


GERALD  J.  SCHOPF,  Major^^JSAF 
Project  Manager 

Directorate  of  Avionics  Planning 
Deputy  for  Development  Planning 
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APPENDIX  B 


REVIEW  OF  MILITARY  STANDARDS  AND  SPECIFICATIONS 
AND  ASD/EN  STUDY  INPUTS 


This  appendix  provides  a  summary  and  evaluation  of  the  generic  differ¬ 
ences  between  the  military  and  commercial  standards  and  specifications  per¬ 
tinent  to  the  USAF ' s  use  of  commercial  airlines  standard  avionics.  The 
following  documents  were  listed  in  the  Statement  of  Work  as  being  of  pri¬ 
mary  interest: 

Document  Title 


MIL-B- 5087 

MIL-E-5400 

MIL-E-6051 

MIL-I-8500 

MIL-STD- 188 
MIL-STD-4  54 

MIL-STD-461 

MIL-STD-4 71 

MIL-STD-704 

MIL-STD-8 10 
MIL-STD-1553 

RTCA  DO- 160 


Bonding,  Electrical  and  Lighting  Protection  for 
Aerospace  Systems 

Electronic  Equipment,  Aircraft,  General  Specifi¬ 
cation  for 

Electromagnetic  Compatibility  Requirements,  Systems 

Physical  Interchangeability  and  Replaceabi lity  of 
Component  Parts  for  Aircraft 

Military  Communication  Standard 

Standard  General  Requirements  for  Electronic 
Equipment 

Electromagnetic  Interference  Characteristics, 
Requirements  for  Equipment 

Maintainability  Verification,  Demonstration,  Eval¬ 
uation 

Electric  Power,  Aircraft,  Character istics  and 
Utilization  of 

Environmental  Test  Methods 

Aircraft  Internal  Time  Division  Command/Response 
Multiplex  Data  Bus 

Environmental  Conditions  and  Test  Procedures  for 
Airborne  El- -c t ronic/Electr ica 1  Equipment  and 
Instruments 


ARINC  Report  423 
ARINC  Report  416 


Guidance  for  the  Design  and  Use  of  BITE 

Abbreviat'd  Test  Language  for  Avionics  System 

(ATLAS) 


ARINC  Report  41 3A 


Guidance  for  Aircraft  Electrical  Power  Utilization 
and  Transient  Protection 

Air  Transport  Avionics  Equipment  Interfaces 


ARINC  Specification  600 
ARINC  Specification  429  Digital  Information  Transfer  System 
ARINC  Specification  404A  Air  Transport  Equipment  Cases  and  Racking 

Section  1  summarizes  our  review  of  the  purpose  of  the  referenced  MIL- 
specifications  and  standards  and  the  areas  where  they  differ  from  commercial 
practice.  Table  B-l  shows  the  functional  correspondence  between  military 
and  civil  requirements  documents. 


Table  B-l.  FUNCTIONAL  CORRESPONDENCE 

BETWEEN  MILITARY  AND  CIVIL 

STANDARDS 

Standard 

Mi litary 

St  oci float  ion 

Civil 

Requirement 

Electrical  bonding,  lightning 
protector 

MIL-B-  5o87 

F AA,  FAR  25.581 

General  avionics  specification 

MI L-STD-4  '4 

MIL-E- '  -I '  ’ 

— 

Communications  Standard 

KIL-STD-  1  '■■■8 

ICAO  Annex  lo 

FCC  regulations 

Electromagnetic  Interference 

MIL-STD-461 

MI  I.-STD-462 

FAA  TSOs  or 

RTCA  DO- 160 

Digital  Data  Format/Bus 

MIL- STD- 1  553 

ARINC- 4 29 

ARINC-453 

Environmental  Testing 

MIL-STD-H10 

FAA  TSOs  or 

RTCS  DO-160 

Aircraft  Electric  Power 

MIL-STD-704 

FAA  TSOs  or 

RT_A  DO- 160, 
ARINC  413A 

Form,  Fit,  and  Function 

— 

ARINC  4 04 A 

ARINC  600 

Standard  Interwiring 

ARINC  406 
( Rani  c  ,  U;  dot-  1 
by  bul  b  •  ti  n ) 

Maintainability/Documentation 

MI L-STD-4 31 

ATA,  ATA-1 

{ 

I  *1 


i 


Sections  2  and  9  present  comparisons  between  military  and  commercial 
airlines  avionics  standards  in  the  following  areas: 

Section  2:  Electromagnetic  Compatibility  Requirements 
Section  3:  Electrical  Power  Standards 
Section  4:  Environmental  Requirements 
Section  5:  Built-in-Test  (BITE)  Requirements 
Section  6:  H.F.  Radio  Requirements 

Section  7:  Inertial  Navigation  System  Requirements 
Section  8:  Weather  Radar  Requirements 

Section  9:  Automatic  Flight  Control  System  Requirements 
This  material  was  provided  for  this  study  by  ASD/'EN  staff. 

1.  ARINC  RESEARCH'S  REVIEW  OF  MILITARY  STANDARD  DOCUMENTS  REFERENCED  IN 
THE  STATEMENT  OF  WORK 

MIL-B-5087B 

Most  of  MIL-B-5087B  is  not  applicable  to  avionics  subsystems.  It  does 
require  bonding  of  the  enclosure  of  avionics  LRUs  to  the  airframe  directly 
rather  than  through  connectors  as  is  specified  in  DO- 160.  bonding  straps 
to  satisfy  MIL-B-5087B  could  be  added  at  the  time  of  installation. 

MIL-E-5400 

MIL-E-5400  is  the  general  specification  for  aircraft  electronic  equip¬ 
ment.  It  is,  essentially,  a  compilation  of  the  military  specifications 
covering  all  aspects  of  designing  and  testing  aircraft  electronics.  These 
referenced  specifications  cover  selection  of  materials,  methods  of  fasten¬ 
ing,  selection  of  piece  parts,  use  of  parts  and  materials  from  qualified 
sources,  workmanship  specifications,  safety  engineering  specifications, 
human  engineering  specifications,  and  all  the  otiier  how-to-build-it  guidance 
normally  imposed  on  manufacturers  of  military  equipment.  None  of  this  is 
included  in  the  airline  form/fit/function  equipment  standards.  Ttiese  must 
be  waived  (or  not  referenced  in  the  procurement  documentation)  if  airlines 
equipment  is  to  be  purchased. 

MIL-E-6051 

MIL-E-6051  is  an  electronic  capability  specification  that  concerns 
overall  systems;  and  it  is  concerned  with  the  subsystem  level  only  to  the 
extent  of  specifying  subsystem-level  documents. 
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MIL-I-8500 


MIL-I-8500  specifies  interchangeability  and  replaceability  of  compo¬ 
nent  parts  of  aerospace  vehicles.  None  of  the  avionics  equipment  considered 
in  evaluating  PME  standardization  are  included  in  the  list  of  controlled 
items  for  which  interchangeability  is  required  by  3.3.1  of  MIL-I-8500. 

MIL-STD-188 

MIL-STD-188  is  the  military  communications  standard  and,  among  the 
avionics  classes  considered  for  standardization,  is  applicable  only  to  the 
HF  Radio.  For  this,  the  audio  band  pass,  frequency  range,  channel  spacing, 
and  side  band  selection  shown  in  Subsection  2.4.2  of  this  report  as  required 
for  the  ARC- XXX  are  requirements  also  of  MIL-STD-188.  No  other  requirements 
of  MIL-STD-188  are  in  conflict  with  the  commercial  avionics  considered. 

MIL-STD-454 

MIL-STD-454  gives  standard  general  requirements  for  electronic  equip¬ 
ment  and  is  one  of  the  key  specifications  referenced  by  MIL-E-5400.  Remarks 
under  MIL-E-5400  apply  to  MIL-STD-454. 

MIL-STD-461 

MIL-STD-461  establishes  requirements  for  the  electromagnetic  inter¬ 
ference  characteristics  of  equipments.  MIL-STD-462  specified  methods  of 
testing  to  verify  these  characteristics.  Differences  between  the  require¬ 
ments  of  RTCA  DO- 160 ,  the  applicable  commercial  standard,  and  the  joint 
requirements  of  MIL-STD-461  and  MIL-STD-462  are  primarily  due  to  the  greater 
power  output  of  some  mission  equipment  as  compared  with  commercial  equipment 
in  the  same  frequency  range.  Applicability  of  specific  types  of  airlines 
equipments  designed  to  the  less  restrictive  DO-160  requirements  for  use 
in  a  specific  aircraft  will  have  to  be  considered  on  a  case-by-case  basis. 

In  general,  where  mission  equipments  do  not  impose  additional  restrictions, 
commercial  equipments  are  compatible  with  each  other  and  a  complete  suite 
of  commercial  avionics,  as  in  the  E-3,  E-4A,  and  KC-10,  does  not  produce 
EMI  problems.  Where  mission  equipments  cannot  be  interconnected  with  the 
commercial  equipments  to  provide  blanking  of  receivers  while  interfering 
transmitters  are  radiating,  EMI  may  be  a  problem. 

MIL-STD-471 

MIL-STD-471  covers  maintainability  verification,  demonstration,  and 
evaluation.  It  is  equally  applicable  to  either  commercial  or  military 
avionics.  Formal  maintainability  verification  is  not  specified  for  commer¬ 
cial  avionics,  however,  and  no  standard  is  available  to  be  verified. 

MIL-STD-704 

MIL-STD-704  defines  the  permissible  characteristics  of  aircraft  primary 
power  supplies  and,  therefore,  establishes  the  range  of  primary  power 


characteristics  with  which  military  avionics  equipments  must  be  compatible. 
In  general,  the  similar  commercial  standard,  ARINC  413A,  is  compatible 
with  MIL-STD-704;  differences  do  not  preclude  use  of  airline  avionics  in 
military  aircraft. 

MIL-STD-810 

MIL-STD-810  specifies  the  environmental  test  methods  to  be  used  in  demon¬ 
strating  the  conformance  of  a  military  equipment  with  its  environmental 
specifications.  RTCA-DO-160  accomplishes  the  same  purpose  for  airlines 
equipment.  Special  thermal  problems  in  military  fighter  aircraft  will 
require  improved  environmental  control  systems  in  those  aircraft. 

In  evaluating  the  differences  in  vibration  requirements  Detween  mili¬ 
tary  and  commercial  equipments,  it  should  be  understood  that  MIL-STD-810 
test  levels  are  believed  by  many  to  be  unrealistic  when  compared  to  levels 
actually  encountered  by  LRUs  under  operating  conditions.  According  to  this 
belief,  the  levels  may  be  realistic  when  applied  to  the  mounting  surfaces 
in  aircraft  on  which  equipments  are  to  be  mounted.  However,  these  surfaces 
are  usually  of  non-rigid  sheet  metal.  At  frequencies  where  the  LRU  reso¬ 
nates,  these  non-rigid  airframe  structures  do  not  couple  the  LRU  to  the 
vibration  source  sufficiently  to  transmit  the  energy  necessary  to  generate 
the  MIL-STD-810  levels.  Consequently,  the  dwell  times  at  resonance,  as 
specified  by  MIL-STD-810,  when  rigidly  coupled  to  a  vibration  table  with 
relatively  unlimited  power  capability,  can  cause  failures  which  do  not 
occur  in  operational  use.  Operational  tests  will  bo  required  to  determine 
if  a  particular  commercial  LRU  will  operate  reliably  in  a  particular  loca¬ 
tion  in  a  particular  aircraft,  even  though  it  is  known  that  it  cannot 
pass  some  part  of  the  MIL-STD-810  vibration  test.  The  use  of  suitable 
vibration  mounts  in  locations  known  to  produce  high  vibration  stress  will 
increase  greatly  the  probability  of  such  reliable  operation.  A  case  in 
point  is  the  imported  commercial  video  tape  recorder  used  in  some  configu¬ 
rations  of  the  F-16.  It  is  only  about  two  feet  from  the  gun  muzzle  and 
failed  immediately  when  hard  mounted.  Reliable  operation  was  achieved  by 
designing  isolating  mounts  to  suppress  the  100  Hz  fundamental  frequency  of 
vibration  caused  by  gun  fire. 

MIL-STD-1553 

MIL-STD-1553  defines  a  digital  language,  operating  protocol,  and  inter¬ 
face  characteristics  for  two-way  time-division  multiplex  communication 
between  a  bus  controller  and  remote  terminals  via  a  multi:  lex  data  bus.  It 
is  anticipated  that  this  will  become  the  t'SAF  standard  for  data  transfer 
although  no  operational  aircraft  currently  are  com; lotely  compatible  with 
MIL-STD-1553.  Currently,  operational  commercial  avionics  with  digital 
inputs  and/or  outputs  utilize  a  number  of  different  digital  data  transfer 
standards.  Future  airlines  avionics  design- -d  to  ARINC  700  series  ci arac- 
toristics  will  accept  only  digital  inputs  and  generate  only  digital  outputs 
with  either  ARINC  421  (for  data  rat  ■  s  up  to  1  •  kil-i  i'  ■  :  .  r  second)  or 
ARINC  453  (for  data  rates  u;  to  1  meg. Hit  r  second)  !  it  a  *  ransfer  speci¬ 
fications.  All  of  the  ARINC  standards  use  data  f  ro  o  different  from 
MIL-STD-1553.  More  importantly,  the  on-rat  ins  :  r  ‘  -  mi  •  ■  :  hi  nso;  hy 
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behind  it  are  radically  different  from  MIL-STD-1553 .  MIL-STD-1553  uses  a 
single  multiplex  data  bus  operated  at  1  megabit  per  second  under  control 
of  a  bus  controller  to  provide  2-way  communication  between  the  controller 
and  connected  remote  terminals  and  (when  so  orderd  by  the  controller) 
between  remote  terminals.  Two  or  more  controller/data  bus  systems  may  be 
used  for  redundancy  or  for  increased  capacity.  All  transmissions  by  remote 
terminals  are  in  response  to  controller  commands.  Data  sources  connected 
to  remote  terminals  must  have  a  buffer  storage  to  hold  data  (either  inter¬ 
nally  or  in  the  remote  terminal)  until  each  is  polled  by  the  controller. 
MIL-STD-1553A  provides  a  5-bit  mode-control  field  internal  to  the  command 
word  may  be  used  by  a  remote  terminal  to  direct  data  to  up  to  31  connected 
subsystems.  The  code  00000  is  reserved  for  special  purpose.  Any  data 
required  by  more  than  one  remote  t-  rminal  must  be  repeated  with  a  different 
address  each  transmission.  Any  message  required  by  more  than  one  subsystem 
connected  to  a  remote  terminal  can  be  distributed  by  the  remote  terminal 
outside  the  1553  system  if  the  terminal  is  so  designed  and  if  terminal 
software  or  hardware  is  provided  to  implement  this  function. 

It  is  relatively  easy  to  provide  =  modified  printed  circuit  card  in 
avionics  units  no*-  using  the  MIL-STD- ..553  format  to  translate  that  unit's 
data  into  the  1553  format;  but  the  ARINC  standards  also  require  a  one-way 
dedicated  data  bus  connecting  each  data  source  with  the  data  sinks  which 
utilize  its  data.  The  source  transmits  data,  labeled  to  show  the  data  func 
tion  at  time  under  its  internal  control  without  the  need  for  buffer  storage 
Data  storage,  the  ability  to  read  and  respond  to  bus  controller  commands, 
and  the  ability  to  strip  function  labels  and  replace  them  with  addresses 
(or  at  least  the  bus  controller  address)  must  also  be  provided  if  the  avi¬ 
onics  unit  is  to  function  as  a  MIL-STD-1553  remote  terminal.  All  of  those 
functions  can  be  provided  in  a  MIL-STD-1553  remote  terminal  specifically 
designed  to  interface  with  one  or  more  non-1553  avionics  subsystems.  This 
will  permit  avionics  units  using  ARINC  429  or  453  (or  419  or  568  or  575  for 
older  airline  equipments)  data  standards  to  delegate  to  that  terminal  the 
provision  of  1553  compatibility.  This  is  the  method  currently  employed 
in  the  F-16  to  interface  the  ARINC  568  data  standard  used  by  the  ARN-118 
TACAN  with  the  1553A  data  bus. 

Special  remote  terminals  tr  interface  airlines  equipment  with  a 
MIL-STD-1553  data  bus  will  not  pose  major  problems  for  new  aircraft.  They 
would  have  to  be  provided  in  retrofit  aircraft  as  additional  Group  A  or 
Group  B  equipment. 


2 .  ASD/ENAMA  Comments  on  Differences  Between  Commercial  Standards  and 
Military  Standards 

RTCA  DO- 160  MIL-E-6051D 

ARINC  600  MIL-B-5087B 

MIL-STD-461A 

MIL-STD-462 

1.  MIL-E-6051D  requirements  are  generally  not  related  to  the  type 
of  requirements  addressed  in  ARINC  Document  600-1  and  RTCA  Document 
DO-160.  MIL-E-6Q5iD  is  concerned  with  electromagnetic  compatibility 
of  an  overall  system  and  treats  items  at  the  subsystem  level  only  to 
the  extenc  of  specifying  subsystem  level  documents. 

2.  The  primary  concern  of  MII.-B-5087B  at  the  subsystem  level  is  to 
obtain  a  good  electrical  bond  (Class  R)  between  the  subsystem  enclosure 
and  aircraft  structure.  The  intent  of  Lliis  specification  is  to  obtain 
this  bond  across  mating  surfaces  without  the  use  of  wiring  through 
connectors.  This  is  to  insure  that  the  bond  wili  be  effective  at 
radio  frequencies  in  addition  to  audio  frequencies.  M1L-B-5087B 
specifies  the  bond  in  terms  of  a  dc  resistance  for  simplicity  of 
measurement.  ARINC  600-1  addresses  bonding  between  LRU's  and  the 
equipment  rack  in  paragraph  3. 3. 1.2.  The  bond  is  obtained  through 
connector  contacts  which  are  tied  to  the  connector  shells.  This 
technique  wili  not  be  effective  at  radio  frequencies. 

3.  Electromagnetic  interference  (EMI)  requirements  in  RTCA  DO-160 
appear  to  be  patterned  after  an  earlier  military  specification  MIL-I- 
6181D  which  became  obsolete  in  1964.  In  general,  the  test  techniques 
and  test  limits  are  different  than  those  used  in  the  present  EMI 
standards,  M1U-STD-461A  and  MIL-STD-462.  The  difference  in  test 
techniques  make  direct  comparison  of  test  limits  tor  a  particular 
class  of  testing  difficult.  However,  through  the  use  of  a  few 
assumptions,  a  comparison  has  been  attempted.  The  most  severe  limits 
of  DO-160  were  used  for  comparisons.  Centrally,  conducted  and  radiated 
emission  limits  appear  to  be  similar  in  severity,  however,  the 
frequency  ranges  covered  by  IX)- 1 60  are  more  limited  than  MIL-STD-461A 
and  MIL-STD-462.  The  conducted  and  radiated  susceptibility  requirements 
of  M1L-STD-461A  and  MIL-STD-462  are  in  general  more  severe  than  DO-lbO 
and  are  more  extensive  in  frequency  coverage.  More  extensive  comparisons 
for  types  of  testing  are  provided  below. 

a.  Conducted  emissions  on  power  leads  and  signal  leads.  DO-160 
requires  testing  from  130  kHz  to  30  MHz.  MIL-STD-461 A/462  requires 
testing  from  20  kHz  to  50  MHz.  Signal  lead  Lest  techniques  and  limits 
are  identical  for  both  documents.  for  power  leads,  M1L-STD-461A/462 
uses  a  10  microfard  capacitor  to  short  circuit  noise  to  ground  and 
short  circuit  current  is  measured  with  a  current  probe.  D0-160 
provides  two  optional  techniques.  One  technique  is  to  use  Line  Impedance 
Stabilization  Networks  (LISN's)  and  to  measure  the  voltages  developed 
across  the  LISN's.  By  assuming  a  50  ohm  source  impedance  for  the  noise, 

(continued) 
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the  DO-160  limits  are  almost  identical  to  Ml L-STD-461A  limits. 

However,  for  lower  source  impedances  which  may  be  encountered, 
MIL-STD-461A  limits  become  more  severe.  The  second  technique  of 
D0-160  is  to  measure  conducted  current  with  a  current  probe  similar 
to  M1L-STD-462  using  identical  limits  to  Mi L-STD-461 A.  However,  the 
10  microfarad  capacitors  are  not  used  to  short  circuit  the  interference 
resulting  in  the  MIL-STD-461A  limits  being  more  severe. 

b.  Radiated  emissions.  DO-160  requires  testing  from  150  kHz  to 
1.215  GHz.  MIL-STD-461A/462  requires  testing  from  14  kHz  to  10  GHz. 
Correction  factors  for  antenna  to  equipment  spacings  and  for  converting 
from  antenna  induced  voltages  to  field  strengths  were  used  to  allow 
comparison  of  limits.  At  low  frequencies  1)0-160  is  more  severe  while 

at  higher  frequencies  MIL-STD-461A  becomes  more  severe.  Above  25  MHz, 
MIL-STD-461A  requires  both  horizontal  and  vertical  polarizations  of 
Signals  to  be  measured  while  DO-160  requires  only  one  polarization. 

c.  Conducted  susceptibility  on  powerlines.  For  frequency  sweeps, 
1)0-160  requires  testing  from  10  Hz  to  30  MHz.  MIL-S  ni-461A/462  requires 
testing  from  30  Hz  to  400  MHz.  MIL-S'l'D-461  is  significantly  more  severe 
across  the  entire  frequency  range  for  dc  lines  and  is  more  severe 

over  most  of  the  frequency  range  for  ac  lines.  For  example,  above 
90  kHz  DO-160  requires  thaL  100  millivolts  open  circuit  from  a  50  ohm 
source  be  applied  to  the  ac  or  dc  powerline.  This  level  represents 
50  microwatts  of  maximum  power  applied.  M1L-STD-461A  requires  1.0 
volts  closed  circuit  applied  from  a  source  capable  of  1.0  watt  output. 

The  difference  between  the  two  levels  is  43  dB.  For  application  of 
voltage  transients  onto  powerlinec,  00-160  requires  600  volts  open 
circuit  from  a  50  ohm  source  while  MIL-STD-461A  requires  100  volts 
closed  circuit  for  115  volt  ac  lines  and  56  volts  closed  circuit  for 
dc  lines  from  a  0.5  ohm  source.  For  many  cases,  the  M1L-STD-461A 
voltage  would  be  expected  to  be  higher  than  the  voltage  resulting 
when  the  600  volt  open  circuit  signal  is  applied  to  a  low  impedance  load. 

d.  Radiated  susceptibility.  For  magnetic  induction  fields, 
similar  requirements  exist  at  the  400  Hz  power  line  frequency.  D0-160 
does  not  contain  a  requirement  for  a  magnetic  induction  field  due 

to  a  current  sp i te simi lar  to  the  Ml L-STD-461 A  requirement .  For 
radiated  electric  fields,  MIL-STD-4blA  requirements  are  significantly 
more  severe.  Due  to  the  wide  variety  and  density  oi  transmitters 
used  on  Air  Force  aircraft,  tiiis  fact  is  considered  particularly 
important.  DO-160  covers  the  frequency  range  of  15  kHz  to  1-215  GHz 
while  MIL-STD-46 1 A/462  covers  14  kHz  to  10  GHz.  The  antenna  input 
voltages  specified  in  1)0- L60  were  converted  using  several  assumptions 
to  equivalent  field  strengths  at  the  tested  equipment.  DO-160  levels 
are  on  the  order  of  0.15  volts/meter  while  MIL-S'l  D-461A  requirements 
are  10  and  5  volls/meter. 

e.  Mil. -STD-46 1 A  covers  extensively  transmitter  and  receiver 
characteristics  at  antenna  ports  for  spurious  outputs,  front  end 

(continued) 
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rejection,  intermodulation,  cross-modulation,  and  squelch  operation. 

DO-160  does  not  address  these  areas. 

4.  In  summary,  bonding  provisions  between  LRU's  and  equipment  racks 
may  be  inadequate.  Due  to  significant  differences  between  DO-160 
and  MIL-STD-461A/462  requirements,  items  qualified  to  DO-160  cannot 
be  considered  to  be  qualified  to  MIL-STD-461A/462.  Retesting  to 
MIL-STD-461A/462  would  be  required  for  general  usage  subsystems  to 
avoid  risks  of  electromagnetic  compatibility  problems.  For  subsystems 
intended  for  a  particular  aircraft  and  installation  location,  portions 
of  the  DO-160  testing  may  be  accepted  (particularly  emission  testing) 
on  an  individual  equipment  basis  after  aircraft  receiving  and  trans¬ 
mitting  equipment  has  been  reviewed.  However,  some  reLesting  would 
almost  certainly  be  required. 
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3 .  ASD/ENACD  Comparison  of  MIL-STD-704  with  ARINC  Report  41 3A 


1.  Although  ARINC  Report  41 3A  and  MIL-STD-704  are  concerned  with  the  same 
subject,  aircraft  electric  power,  they  are  very  different  in  character.  MIL- 
STD-704  is  a  "standard"  which  defines  precise  limits  for  aircraft  power 
characteristics.  This  document  is  widely  used  in  commercial  aviation  as 
well  as  by  the  military.  ARINC  Report  41 3A,  on  the  other  hand,  is  a  "report" 
which  more  or  less  philosophically  surveys  the  field  of  aircraft  electric 
power  and  provides  guidance  to  equipment  and  aircraft  manufacturers .  The 
Report  does  not  levy  firm  requirements. 

2.  The  two  documents  are  basically  compatible.  Paragraph  1.3.2  of  the 
Report  states:  "It  is  the  intent  of  this  document  to  provide  coordinated 
industry  interpretations  of  the  existing  requirements  of  MIL-STD-704B  as  they 
apply  to  airline  equipment  and  to  update  these  requirements  with  additional 
supplementary  guidance."  MIL-STD-704  (original  issue),  MIL-STD-704A,  and 
MIL-STD-704B  are  included  in  Report  41 3A  as  attachments  and  appendices. 

3.  Report  413A  goes  beyond  the  scupe  of  MIL-STD-704  by  giving  guidance  in 
equipment  design  with  regard  to  personnel  protection,  component  protection, 
smoke  prevention,  and  reverse  polarity  protection.  The  Report  also 
addresses  electromagnetic  compatibility  areas  which  are  covered  by  MIL-E- 
6051  rather  than  by  MIL-STD-704. 

4.  Since  Report  413A  was  published,  MIL-STD-704C  was  issued  in  December 
1977.  Furthermore,  MIL-STD-7040  is  now  being  coordinated  among  the  military 
services.  These  recent  changes  to  MIL-STD-704  do  not  significantly  affect 
its  relationship  with  commercial  practice,  with  one  possible  exception.  The 
voltage  spike  susceptibility  requirement  against  equipment  which  was  in  MIL- 
STD-704B  has  been  removed  from  the  C  and  D  revisions.  This  was  done  to 
eliminate  duplication  with  a  similar  requirement  of  MIL-STD-461 .  Industry 
members  of  the  aircraft  electric  power  community  have  vigorously  opposed  this 
action  and  will  undoubtedly  insist  that  the  spike  requirement  of  MIL-STD-704B 
be  retained  for  their  commercial  equipment.  This  would  have  no  detrimental 
effect  on  the  compatibility  of  commercial  equipment  in  military  aircraft,  how 
ever. 
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.  ASD/ENEC  Comparison  of  Environmental  Requirements 


RTCA-DO-160 


MIL-STD-810 

MIL-STD-454 

MIL-E-5400 


1.  INTRODUCTION 

The  ASD/XRE  Itr.  (26  July  79)  included  a  request  to  compart  the  environ¬ 
mental  requirements  of  DO-160,  MIL- SID-810,  MIL-STD-454,  and  MIL-E-5400  with 
regard  to  two  viewpoints,  i.e., 

a.  Address  the  significant  differences  in  commercial  and  military 
requirements,  which  may  prevent  DO-160  qualified  equipment  from  being  used 
in  Air  Force  aircraft. 

b.  tan  these  significant  differences  be  eliminated,  by  applying 
available  technology  to  control  the  avionics  environments  in  Air  Force  aircraft? 

2.  RELATED  ISSUES 

The  following  general  comments  are  provided  to  place  this  response  in 
perspective  with  numerous  related  issues: 

a.  Due  to  the  short  time  for  response,  this  review  is  very  cursory 
in  nature.  Thus,  it  is  difficult,  if  not  impossible,  to  determine  what  are 
"significant"  differences. 

b.  DO-160  and  MIL-STD-810  are  test  documents,  while  MIL-STD-454 
and  MIL-E-5400  are  design  documents.  MIL-E-5400  references  the  test  pro¬ 
cedures  of  MIL-STD-810  for  Air  Force  electronics,  and  MIL-T-5422  for  Navy 
electronics.  The  environmental  design  requirements  in  MIL-STD-454  and 
MIL-E-5400  ate  sufficiently  nebulous  to  allow  a  broad  range  of  environmental 

esign  approaches  for  avionics  equipments,  which  makes  the  testing  documents 
the  driving  design  factor,  for  military  applications.  The  testing  requirements 
of  MIL-E-5400  (MIL-T-5422)  are  essentially  the  same  as  the  requirements  of 
MIL-STD-810.  Normally,  when  significant  differences  exist,  the  acquisition 
engineer,  in  the  Program  Office,  selects  the  bettpr  of  the  two  requirements. 

c.  Based  on  the  above  conditions,  this  review  will  be  limited  to 
comparing  DO- 160  and  MIL-STD-810  requirements.  MIL-STD-81CC  and  DO-160 
(14  May  79)  were  used  for  this  review. 

d.  The  test  requirements  in  MIL-STD-810  are  generally  more  extensive, 
and  more  detailed,  than  the  requirements  in  DO-160,  which  is  caused  by  their 
different  purposes  in  the  overall  scheme  of  "doing  business",  i.e., 

(1)  The  commercial  airlines  do  not  need  to  place  heavy  reliance 
■m  testing  for  successful  field  operation,  since  they:  (a)  Develop  competi¬ 
tive  designs  for  the  same  avionics  function,  (b)  Have  the  financial  capabi- 
ity  of  rapidly  addressing  and  correcting  field  problems,  and  (c)  Have  the 
economic  leverage  of  buying  a  competitors  product,  when  specific  equipments 
become  an  economic  burden. 

By  comparison,  the  military  procedures  heavily  emphasize 
MIL-STD-810  tests  as  the  environmental  success  criteria  for  satisfactory 
operation  in  the  field  environments. 

From  this  viewpoint,  the  purpose  for  testing  is  significantly 
.Afferent,  when  viewed  from  the  commercial  airline,  and  the  military,  way 
of  "doing  bu-  iness".  This  difference  is  reflected  in  the  fact  that  the 
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DO-160  requirements  are  generally  just  a  check  of  equipment  performance  at 
the  environmental  design  limits,  whereas  the  MIL-STD-810  requirements  emphasize 
an  environmental  endurance  level  which  is  equivalent  to  a  long-term,  successful 
operation. 

(2)  DO-160  is  limited  to  avionics,  while  MIL-STD-810  includes 

requirements  for  all  DOD  equipments.  In  addition,  the  airline  avionics 
equirements  generally  apply  to  a  specif  c  type  of  aircraft  and  a  specific 
operational  pattern,  while  MIL-STD-810  covers  all  types  of  aircraft,  flying 
different  types  of  operational  missions.  Also,  the  most  severe  airline 
avionics  environments  are  relatively  benign,  compared  to  the  environments 
associated  with  the  large  majority  of  Air  Force  avionics  installations. 

e.  The  DO-160  requirements  are  further  tailored  to  specific  types 

of  avionics  by  the  use  of  a  "Minimum  Performance  Standard",  which  is  developed 
for  each  type  of  avionics.  It  is  assumed  that  the  standard  is  then  referenced 
in  the  avionics  specification. 

By  comparison,  the  MIL-STD-810  procedures  are  directly  referenced 
in  the  avionics  specification  (with  some  tailoring  by  individuals,  but  without 
the  group  decision  tailoring,  as  reflected  in  the  "Minimum  Performance  Standard") 

f.  In  the  way  that  both  the  commercial  airlines  and  the  military 

do  business,  the  real  acceptability  for  environmental  requirement  rests  with 
the  procuring  activities  which  have  diverse  opinions  on  the  same  issue. 

In  addition,  the  environmental  requirements,  which  are  applied  to  contracts, 
are  the  responsibility  of  the  procuring  activity.  DO-160  and  MIL-STD-810 
are  only  general  guidelines.  As  a  consequence,  it  is  difficult  to  identify  how 
MIL-STD-810  is  used,  for  a  large  spectrum  of  avionics  procurements,  or  to 
identify  general  acceptability  levels  for  the  results  of  this  study. 

g.  With  regard  to  avionics,  the  large  majority  of  MIL-STD-810  test 
failures  occur  in  the  temperature-altitude,  humidity,  and  random  vibration 
tests . 

h.  MIL-STD-810  is  in  the  process  of  being  revised.  In  some  instances, 
MIL-STD-810  misses  the  critical  failure  environments  for  fighter  aircraft 
avionics ,  e.g. , 

(1)  Thermal  fatigue  of  internally  forced  air  cooled  avionics, 

caused  by  oscillations  in  the  cooling  capacity  '[especially  prevelent  during 
ground  operations).  i 

(2)  Corrosion  of  cockpit  equipment  caused  by  the  combination  of 
solar  radiation  and  electrolytic  rain. 

(3)  Thermal  environments  associated  with  the  ground  cooling 
system,  during  flight-line  maintenance. 

3.  AVIONICS  ENVIRONMENTAL  TESTS 

A  comparison  of  the  DO-160  and  the  MIL-STD-810  test  environments  is  given 
in  Table  1. 

o  .  TEMPERA. 1  l: F.  6.  ALTITUDE 

DO-160  i  essentially  limited  to  an  avionics  performance  check  at  the 
temperature  e-cremes.  The  altitude  tests  are  conducted  separately,  to  simulate 
the  effects  m  emergency  decompression,  and  the  effects  of  temporary  over¬ 
pressurization  by  the  aircraft  environmental  control  system  (ECS). 

MIL-STD-810  includes  a  combined  temperature-altitude  test  (which  is  applied 
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TABLF  1. 

AViONICS  ENVIRONMENTAL 

TESTS 

DO- 160 

MIL- STD-8 10 

Tempt  rature 

Temperature  -  Altitude 

Temperature  Variation 

Humid i ty 

Humidity 

Shock 

Shock 

Conditional 

Vibration 

Vibration 

Applicat ion 

Explosion  (C) 

Explosion  (CL) 

CL-Cond i t ional /location 

Drip  Proofness 

(O 

Rain  (CL) 

CM-Conditional/ma- 

Fluids  Suscept 

(C) 

terials 

Sand  &  Dust  (C) 

Dust  (CL) 

A-Alternate 

Fungus  (C) 

Fungus  (CM) 

C-Conditional 

Salt  spray  (C) 

Salt  Fog 

Solar  Radiation 

(CL) 

Acceleration 

Acoustical  Noise 

(CL) 

Temp-Humid .-Alt . 

(A) 

Gunfire  Vibration  (CL) 

universally  t> »  avionics),  with  the  following  unique  features: 

a.  Temperature  and  altitude  effects  are  combined  which  affects  the 
heat-transfer  1 rom  the  avionics. 

b.  Operational  altitudes  are  included  which  affects  seals,  equipment 
"breathing"  phenomena,  arcing  of  high-powered  avionics,  etc. 

c.  Avionics  operational  checks  are  included  at  various  temperature- 
altitude  combinations,  which  cover  the  normal  flight  envelope. 

d.  Short-time,  high-temperature,  altitude  conditions  are  included 
o  represent  lighter  aircraft  high-speed  dash  conditions,  when  the  ECS 

performance  i:  degraded,  and  aerodynamic  heating  becomes  a  significant  thermal 
factor . 

e.  Avionics  operational  checks  for  intermittant  failures  are  included, 
when  the  altitude  is  changing. 

f.  Avionics  operational  checks  are  included,  for  the  frost-thaw- 
frost  condition. 

g.  The  tesL  times,  at  the  test  points,  are  much  longer  than  the  times 

in  DO-160.  ' 

A  comparison  of  the  differences  between  1)0-160,  and  Mil. -STD-81 0  is  illustrated 
in  Figure  1,  where  the  D0-160,  category  HI  equipment  (no  temperature  or  pressure 
ontrol,  and  operational  to  70,000  ft)  is  compared  to  the  M1L-STD-810 ,  Category 
6  equipment  (up  to  70,000  ft),  which  is  typical  for  fighter  aircraft  avionics. 

Considering  all  the  differences  between  military  and  commercial  avionics, 
which  are  alluded  to  in  para.  2  above,  the  differences  between  DO-160  and  MIL- 
STD-810  are  generally  considered  significant.  The  combinations  of  temperature 
and  altitude  are  important,  and  l>o- 160  does  not  address  these  combinations. 

At  sea  level  conditions,  the  MI  I.— STli— 810  temperature  requirements  may  be 
reduced  to  the  requirements  of  D0-160,  although  the  test-times  of  M1L-STD-810 
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should  be  maintained  (with  the  exception  of  time  spent  at  95°C). 

Closer  evaluation  of  the  MIL-STD-810  temperature  altitude  test  points 
may  increase  •  r  decrease  the  temperature  values,  as  related  to  avionics  testing. 
Future  Air  Force  emphasis,  on  avionics  environmental  control,  may  also  reduce 
the  temperature  test  points  at  the  various  altitudes,  but  the  altitude  require¬ 
ment  will  not  be  eliminated. 

In  a  related  issue,  MIL-STD-810  is  being  revised  to  where  the  fixed  set 
of  temperatui .  -altitude  test  points  are  being  replaced  by  a  variable  set, 
depending  on  aircraft  application.  This  type  of  tailoring  has  generally  been 
done  in  the  past,  anyway,  by  the  acquisition/contractor  engineers  associated 
with  specific  Programs. 

A  more  serious  limitation  of  DO-160  qualified  equipment  for  military 
aircraft,  is  the  thermal  fatigue  condition  associated  with  internally  forced 
air  cooled  equipments  in  fighter  aircraft.  This  condition  will  be  simulated 
in  the  revised  MIL-STD-810.  Normally,  (here  would  be  no  reason  for  DO-160 
to  have  a  thermal  fatigue  test,  since  tl  ere  are  minimal  excursions  in  the  cooling 
capacity  of  the  cooling  air  in  commercial  airline,  environmental  control 
systems.  Fighter  aircraft  ECS,  though,  have  significant  excursions  in  cooling 
capacity,  during  ground  operations,  and  during  changes  in  altitude.  Various 
sources  of  information  indicate  that  thermal  fatigue  is  a  more  prevelant  source 
of  avionics  failures,  than  exposure  to  constant  temperatures.  Another  solution 
to  this  problem,  though,  is  for  the  Air  Force  to  emphasize  the  use  of  a  fighter 
lircraft  ECS  which  essentially  provides  constant  cooling  to  the  avionics  during 
ground  and  flight  conditions. 

Another  serious  limitation,  for  internally  forced  air  cooled  avionics, 
is  the  differences  in  commercial  and  military  cooling  air  capacities. 
rhese  differences  are  not  specifically  addressed  in  DO-160  or  MIL-STD-810, 
but  the  cooling  air  is  included  by  reference  in  the  test  set-up  procedures. 

The  practical  effect  is  .hat  commercial  airline  avionics  will  be  receiving 
3-8  pounds/minute/KW  at  30-70°C,  while  the  military  equipment  will  be 
receiving  2  pounds/minute//KW  at  30-70°C,  when  the  units  are  undergoing 
DO-160  and  MI  [.-SID-810  tests.  This  effect  is  more  serious  than  the 
differences  in  chamber  temperatures,  since  the  component  temperatures  are 
primarily  controlled  by  the  cooling  air  parameters. 

Future  Air  Force  emphasis  on  avionics  environmental  control  may  reduce 
the  commercial-military  differences  in  cooling  air,  or  the  significance  of 
these  differences  may  be  limited  to  aircraft  ground  operations,  which  may 
be  handled  by  modifications  to  the  engine  bleed  air  system  for  ground 
operations . 

5.  Hl'MIDITY 

The  primary  D0-160  test  requirement,  for  airline  avionics,  is  Category 
A.  Since  this  test  is  limited  to  an  avionics  performance  check  after  two, 
twenty-four  hour  cycles,  using  a  reduced  temperature  limit,  it  is  considered 
unacceptable  "or  Air  Force  applications. 

On  the  other  hand,  DO-160,  Category  ii  test  requirements  are  essentially 
he  same  as  MIL-STD-810,  Procedure  1  requi rements  with  slight  differences  in 
the  approach  to  checking  equipment  performance  .at  the  end  of  the  test. 
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There  should  be  minimal  problems  with  using  DO-160  (Category  B)  require¬ 
ments  for  Air  Force  applications. 

In  a  related  issue,  the  Humidity  tests  are  questionable  in  terms  of  not 
having  alternating  dry  and  wet  cycles,  and  in  terms  of  not  having  electro¬ 
lytic  moisture  (present  tests  use  pure  water). 

b.  VIBRATION 

Vibration  is  sufficiently  complicated  to  prevent  any  typical  comments  .since 
it  is  dependent  on  so  many  local  aircraft  conditions  .which  are  generally  not 
afinable  nrior  to  the  final  development  phase  for  aircraft  development  programs. 
iO  complicate  the  issue,  there  exists  an  infinite  number  of  choices  of  spectra, 
evels,  and  time  histories,  which  are  dependant  upon  a  specific  installation 
a  a  specific  aircraft.  , 

Even  so,  there  is  a  need  to  initiate  some  thought  on  the  general  boundaries 
■  vibration  requirements  so  that  the  use  of  1)0-160  for  Air  Force  equipment 
applications  may  be  evaluated. 

From  this  viewpoint,  a  comparison  is  made  of  the  D0-160  vibration  require¬ 
ments  and  the  requirements  of  MIL-STD-810  (as  interpreted  by  the  author) . 

a.  r  jneral  Comments.  To  boil-down  the  many  choices  of  Vibration  procedures  and 

evels  in  DO-160  and  MIL-STD-810,  this  review  will  cover  only  avionics  in  jet 
lircraft,  which  covers  the  large  majoriLv  of  Air  Force  avionics  applications, 
in  addition,  this  review  will  cover  only  the  avionics  located  in  the  foward 
and  center  fuselage,  and  in  the  cockpit,  which  covers  the  large  majority  of 
✓ionics  installations  which  may  be  feasible  for  commercial  avionics. 

D0-160  allows  either  sinusoidal  or  random  vibration  tests  for  avionics 
■quipments.  Avionics  equipments,  qualified  to  sinusoidal  vibration  tests, 
are  considered  unacceptable  for  Air  Force  applications. 

MIL-STD-810  requires  both  a  vibration  Performance  test  level,  and  a  vibra- 
.on  Endurance  test  level,  to  be  applied  to  each  equipment,  in  all  three  axes. 
1)0-160  is  written  in  such  a  manner  that  it  requires  a  vibration  Performance 
level  to  be  conducted,  in  all  three  axes,  hut  the  vibration  "Robustness" 
(Endurance)  level  (which  is  the  “severe"  vibration  level)  mav  be  eliminated, 
'ccording  to  how  the  avionics  specification  is  written.  Avionics  equipments, 
qualified  without  the  "Robustness"  tests,  for  all  three  axes,  are  considered 
unacceptable  for  Air  Force  applications  (lote:  The  actual  vibration  levels  are 
not  as  important  as  the  need  to  run  some  type  of  vibration  endurance  test). 
Gunfire  vibrations  are  not  considered  important  .since  avionics  can  generally 
be  placed  outside  of  the  gunfire  vibration  affected  regions  of  most  Air  Force 
aircraft. 

The  following  review  covers  a  comparison  of  vibration  levels  for  different 
classes  of  aircraft. 

b.  High-Performance  Aircraft.  The  aircraft  categories  in  th’s  group  include 
lighter,  fighter-bomber,  and  bomber  aircraft.  This  review  is  very  general, 
of  necessity,  since  there  are  always  exceptions  .to  the  rule,  especially  in 
the  vibration  area. 

A  general  comparison  of  D0-160  and  MIL-STD-810  vibration  level  requirements, 
a1-  the  Performance  level  of  vibration,  is  illustrated  in  Figure  2. 

The  major  difference  in  vibration  levels  is  in  the  cockpit  area,  where 
commercial  airline  cockpit  vibration  levels  are  far  below  the  high-performance 
aircraft  cockpit  levels. 
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EQUIPMENT  VIBRATION  INPUT 


In  terms  of  fuselage  locations,  the  D0-160,  "Standard"  vibration  spectrum 
-3  below  the  typical  spectrum  for  high-performance  aircraft,  and  it  does  not 
address  the  high-frequency  content,  in  the  600-1000  Hz  region  (which  is  ex¬ 
acted,  since  commercial  airlines  do  not  have  to  worry  about  aerodynamic  pressure 
fluctuations,  as  a  dominant  source  of  vibration).  While  the  "Severe"  vibration 
spectrum  is  significantly  above  the  typical  spectrum  for  high-performance 
aircraft,  in  the  lower  frequency  range,  it  also  misses  the  high  frequency 
c intent . 

In  terms  of  comparing  vibration  Endurance  (Robustness)  test  levels,  the  spec¬ 
trum  for  high-performance  aircraft,  could  be  moved  up  until  the  high  plateau 
egion  (Fuselage)  reaches  0.1  G  / Hz.  The  DO-160  "Robustness"  levels  are  the 
levels  for  the  "Severe"  vibration  category.  r 

As  a  consequence  of  the  above,  the  DQ-160  random  vibration  requirements 
need  to  be  modified,  in  some  fashion,  to  be  readily  applicable  to  Air  Force 
avionics  vibration  requirements,  for  high-performance  aircraft. 

In  terms  of  related  issues,  the  0.04  G^/liz  level  is  generally  established 
as  a  lower  vibration  test  limit  for  high-performance  aircraft  equipment,  to 
cover  efficient  production  quality  assurance  vibration  levels,  and  to  cover 
transportation  vibration  levels.  Also,  a  lower  vibration  range  for  testing 
io  given,  from  a  practical  viewpoint,  since  vibration  ceases  to  be  a  problem, 
when  the  levels  are  sufficiently  low.  An  alternative  to  no  testing  at  all, 

/ould  be  a  minimal  Performance  level  check. 

In  addition,  MIL-STD-810  vibration  test  are  being  revised  to  replace 
discrete  sets  of  vibration  spectra  with  blanks,  to  be  filled  in  as  the  specific 
avionics/aircraft  application  becomes  known.  A  related  handbook  will  be  proveded, 
giving  the  user  some  rationale  for  deriving  test  levels. 

c.  Medium  Size  Cargo  &  Transport  Aircraft.  These  requirements  may  be  the  same 
as  the  "high-performance  aircraft"  requirements,  or  slightly  less. 

d.  Large  Cargo  &  Transport  Aircraft.  These  requirements  may  be  the  same  as  the 
TO- 160  requirements  with  the  following  conditions: 

(1)  If  supersonic,  use  "high-performance  aircraft"  requirements. 

(2)  Below  the  vibration  level  range  of  0.004-0.006  G^/Hz,  the  vibration 
test  is  considered  inefficient  anyway,  so  the  difference  between  sinusoidal 

and  random  is  inconsequential.  Even  so,  if  tests  are  required,  try  to  use  random 
vibration. 

SALT  SPRAY  -EST 

DO-160  inc 1  ides  Category  X,  which  meai  that  the  salt-spray  test  is  not 
- -.qu  ired,  and  Category  S,  which  is  essentially  the  same  as  Mil, -STD-810. 

No  hard  statement  can  be  made  about  the  salt-spray  test,  since: 

a.  The  test  generally  causes  relatively  few  and  minor  failures. 

b.  The  test  is  questionable  in  terms  of  lacking  moisture  -  solar 
radiation-moisture  cycles,  which  are  typical  of  aircraft  operations. 

c.  The  test  should  be  primarily  limited  to  exposed  equipment  (e.g., 
tighter  aircraft  cockpit  equipment). 

8.  ALL  OTHER  ENVIRONMENTAL  TESTS 

The  remaining  environmental  test  of  Table  I  are  generally  inconsequential. 

The  acceleration  test  should  be  limited  to  nyionirs  with  moving  mechanisms. 

'he  shock  test  normally  does  not  generate  avionics  failures,  and  the  input 
effects  may  well  be  covered  by  the  random  vibration  tests. 
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The  fungus  test  is  usually  accomplished  by  similarity-by-analysis  (i.e., 
equipment  materials  do  not  support  fungus  growth). 

The  explosion  test  is  limited  to  areas  with  explosive  atmospheres  (e.g., 
engine  compartments  rather  than  avionics  bays). 

The  solar  radiation  test  should  be  limited  to  exposed  avionics  (e.g.,  fighter 
a.rcraft  cockpit  equipments),  although  it  seldom  causes  failures  by  itself. 

The  acoustical  noise  tests  should  be  limited  avionics  located  in  high  noise 
areas  (Overall  level  greater  than  140  dB  re.  0.0002  dynes/cm^),  although  this 
condition  seldom  occurs  in  Air  Force  aircraft  aivonics  bays,  which  generally 
suits  in  acoustic  tests  with  no  equipment  failures. 

The  Drip-Proofness  test  and  the  Spray-Proofness  tests  in  DO-160  are  optional. 
The  comparable  Rain  test  in  M1L-STD-810  is  questionable  since  electrolytic 
water  is  not  used  (pure  water  is  used  instead),  and  since  the  operational 
sequence  of  electrolytic  rain-solar  radiation-electrolytic  rain  is  not  simulated. 
This  condition  is  of  primary  concern  for  figtiter  aircraft,  cockpit  equipment. 

It  will  be  included  in  the  revised  MIL-STD-810.  * 


5. 


Warning  and  Built-in  Test  Equipment  (BITE) 


1.  The  standard  requirements  and  guidance  for  commercial  on-aircraft 
avionics  test  capability  are  included  in  the  following  ARINC  documents: 

a.  ARINC  Report  415,  Failure  Warning,  addresses  the  system  which 
alerts  the  flight  crew  of  conditions  which  affect  safety  or  perfor¬ 
mance  of  the  flight  mission. 

b.  ARINC  Report  423,  Built  in  Test  F.quipment  (BITE)  addresses 
the  system  which  assists  the  maintenance  personnel  in  performing  the 
appropriate  maintenance  action  in  the  event  of  a  failure. 

c.  ARINC  characteristics  563  and  573,  Aircraft  Integrated  Data 
System  (AIDS),  addresses  the  system  which  acquires  and  records  data  from 
the  whole  aircraft  (and  fleet)  to  be  used  for  maintenance,  administrative, 
and  crash  history  purposes. 

The  Air  Force  has  requirements  for  each  of  these  types  of  on-aircraft 
systems,  and  often  has  additional  requirements. 

a.  MIL-STD-411  and  MIL- STD-14  72  apply  to  the  type  of  test  addressed 
by  ARINC  Report  415. 

b.  There  is  no  Air  Force  standard  for  AIDS  type  aircraft  level  test. 

c.  Built-in-test  features  for  Air  Force  aircraft  have  not  been 
standardized.  MIL-STD-415D  and  MIL- STD-1591  address  the  process  of 
determining  the  BIT  capability  required  for  new  electronic  systems. 

However,  they  do  not  specify  BIT  performance  or  features,  nor  does  ARINC 
Report  423. 

2.  There  is  currently  much  activity  in  the  Air  Force  and  other  military 
services  to  improve  BIT  performance  and  the  process  of  acquiring  BIT. 

Better  standards,  specifications,  handbooks,  figures  of  merit,  and 
verification  techniques  are  sure  to  result  from  this  activity.  Documents 
of  current  interest  include: 

a.  Acquisition  Planning  Guidt  for  System  Fault  Detection/ 

Isolation  Capability,  duly  1978,  Rone  Air  Development  Center  (RADC) . 

b.  BIT  Design  Guide,  September  197G,  and  undated  draft  revision, 

HAVMAT INST  3960. 9A. 

c.  A  Design  Guide  foL  Built-in-Test  (BIT),  April  1979, 

RADC-Tk- 73-224. 

d.  nIT/SIT  Improvement  Project  (Phasfc  L)  report, 
releaseu,  ASD-i'R- 79-XX. 


soon  to  be 


3.  There  are  several  levels  of  integ, ration  at.  which  self-test  per¬ 
formance  could  be  specified. 

a.  fault  detection /isolation  capabilities  can  be  specified  to  be 
resident  in  each  shop  replaceable  unit  (SKU)  to  detect  and  isolate  to 
a  replaceable  component,  although  this  test  function  usually  resides 
in  depot  test  equipment.  Test  point  specifications  then  apply. 

b.  Self-test  capabilities  can  be  specified  lo  be  resident  within 
each  line  replaceable  unit  (LRU)  to  detect  and  isolate  faulty  SRL's, 
although  this  test  function  is  usually  found  Ln  intermediate  shop  test 
equipment . 

c.  lost  often  found  in  Air  Force  avionic;;  is  the  capability  of  a 
subsystem  to  detect  a  failure  and  isolate  tc*  an  LRU.  Sometimes  each 
LRU  detects  its  own  failures  independently  from  other  LRUs  in  the  sub¬ 
system.  This  is  the  level  of  integration  addressed  by  ARINC  Report  423. 

d.  In  some  complex  avionics  systems,  a  system  integrated  test 
(SIT)  subsystem  performs  the  fault  detect  ion/ isolation  function,  and 
the  self-  .est  capabilities  are  specified  at  the  system  level. 

e.  The  last  option  is  to  record  data  on— aircraft  for  later  use  in 
fault  detect  ion/ iso  3.  at ior  (and  other  uses).  This  is  the  approach 
taken  by  ARINC  characteristics  563  and  573. 

4.  ARINC  Report  -.23  is  a  statement  of  philosophy  and  some  recommendations 
concerning  the  design  of  BITE.  On  the  whole,  it  is  consistent  with  the 
Air  Force  envirom.  ent ,  but  several  exceptions  should  be  noted.  The 
following  comments  pertain  to  various  paragraphs  from  this  report. 

a.  Para  1.2  -  The  document  only  addresses  fault  isolation  to  an 
LRU  and  verification  of  proper  operation  after  maintenance.  The 
Air  Force  looks  at  a  larger  test  requirement. 

b.  far a  1.6,  4.2  -  Apparent  performance  cannot  be  used  as  the 
criteria  for  need  of  maintenance  action  in  a  system  wuich  includes, 
ior  reliability  or-  safety  reasons,  ..m  or:aticnilv  controlled  re¬ 
dundancy,  or  "fault  tolerance".  In  t nose  systems,  performance  would 

be  satisfactory  until  all  capability  is  lost,  and  hence,  no  maintenance 
would  be  performed  until  then.  (See  para  7.7).  , 

c.  t.^ra  2.3  -  With  a  high  level  of  system,  integration,  especially 
with  processing  and  display  of  in  tor  sit  ion,  is  of  ten  difficult  to 
determir.i  which  subsystem  :s  malfunctioning.  Therefore ,  a  level  of 
BiTE  integration  at  a  level  higher  than  the  i.i.U  is  often  .justified. 

d.  I’ara  4.4.6  -  A  trade-off  studv  is  use. illy  performed  to 
determine  whether  „ITi'.  or  support  e  ;..i  -it  (S'  )  is  more  cost  effective. 
Same  Air  Force  aircraft  a  re  deployed  !  re-  a  v--ry  limit's!  number  of  base... 
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and  often  the  weight/power  costs  of  BITE  are  large,  especially  in  small, 
high  performance  aircraft  or  RPVs. 

e.  Para  5.8  -  A  standardized  output  to  a  higher  level  test  system 
is  a  worthwhile  feature,  but  the  AIDS  interface  is  not  standard  with  the 
Air  Force.  More  likely,  the  MIL-STD-1553  interface  bus  will  be  the  medium 
and  a  software  algorithm  will  be  the  BIT  standard  interface.  (See  also 
para  7.9). 


f.  Para  7.2.c)2)  -  The  Air  Force  does  not  yet  have  a  standard  set 
of  parameters  to  specify  performance  of  BIT.  Due  to  the  differences  i,, 
the  maintenance  concepts  and  data  collection  techniques,  the  particular 
figure  of  merit  cited  in  this  paragraph  would  probably  not  be  useful  to 
the  Air  Force. 

t 

g.  fiira  7.12.2  -  Sometimes  it  is  necessary  to  BITE  the  BITE,  On 

of  the  ways  to  increase  confidence  in  BITE  (Para  2.9.1)  is  a  test  of  the 
test.  The  logical  design  of  some  self-test,  typical  for  computers,  is 
to  test  some  few  elementary  circuits  and  logic,  and  then  use  them  to 
test  more  sophisticated  circuits  and  logic,  and  so  on.  Self  test  of  an 
AIDS  type  system  is  appropriate. 

h.  Para  9.3  -  The  Air  Force  requires  a  more  comprehensive  definition 
of  BITE  effectiveness  than  this  one,  which  only  addresses  false  alarms 
and  isolation  accuracy. 

i.  tVcse  comments  should  not  be  interpreted  as  criticisms  of 
ARINC  Report  423.  This  report  is  well  written,  appropriate  for 
commercial  aircraft,  and  meets  a  real  need  there.  Also,  most  of  what 
it  has  to  say  is  appropriate  for  Air  Force  systems. 

5.  The  Integrated  Digital  Avionics  ( J DA )  program  is  developing  and 
validating  a  set  of  standards  for  defining  compatible  common, 
supportable  avionics  and  one  area  to  be  addressed  by  IDA  is  testability. 
Interface  specifications  for  system  level  fault  detection/isolation  will 
most  likely  be  created  as  well  as  standards  for  internal  self-test 
capabilities  and  interfaces  with  support  equipment.  The  IDA 
standardization  effort  and  this  commercial  standards  effort  will 
surely  affect  the  traditional  process  of  determining  new  test  re¬ 
quirements  for  each  new  avionics  system,  but  the  magnitude  of  this 
impact  is  difficult  to  predict  at  this  time. 


6 .  ASD/ENACB  Comparison  Between  ARINC-559A  and  Military  H.F.  Radio 
Specification  (ARC-XXX) 


1.  This  report  is  in  response  to  your  request  (or  a  comparison  between 
ARINC-559A  and  military  HF  radio  equipment.  The  comparison  has  been 
divided  into  two  categories:  the  physical  interface  parameters  of  the 
radios,  and  the  operational  parameters  of  the  radios.  Only  the  more 
significant  parameters  are  considered  in  this  review.  The  comparison 
will  be  between  AR1NC  characteristic  559A  and  the  ARC-XXX  HF  replacement 
radio  specification.  In  addition  to  this  comparison,  actual  equipment 
items  built  to  these  specifications  will  he  discussed:  the  Collins 
728U-2  was  built  in  accordance  wiLh  the  ARC-XXX  specification,  and  the 
Collins  628T-1  follows  the  AK1NC-559A  characteristic.  Information 
about  tiie  6281-1  was  obtained  I  roin  a  preliminary  brochure  text. 

2.  Physical  Interlace  Parameters. 

a.  Weight:  The  ARC-XXX  requirement  is  50  lbs.  or  less.  (The 
728U-2  weigtis  48.51  lbs.  including  R/T  unit  and  control  box.) 

ARINC-559A  assumes  a  weight  in  the  range  ot  20  to  30  lbs.  The  628T-1 
weighs  2b  lbs.  excluding  the  control  box. 

b.  Sice:  The  AKC-XXX  spec i I i cat i on  gives  maximum  dimensions  of 
11.2"  w  x  20"  u  x  H.6"  h.  The  actual  dimensions  of  the  728U-2  are 
10.12"  w  x  18.9"  d  x  7.62"  h.  AR1NC-559A  specifies  a  3/4  AIR  short 
case,  (7.5"  w  x  12.5625"  d  x  7.625"  li).  I  he  AKINC  radio  is  sufficiently 
smaller  so  that  there  should  be  little  problem  with  retrofit  as  tar  as 
space  is  concerned. 

c.  Size  (control  panel):  The  Collins  remote  control  tor  the  728U-2 
measures  4,5"  d  x  5.75"  w  x  2.62”  h.  The  ARINC  dimensions  are  3.5"  d 

x  5.75"  w  x  2.625"  h.  Again,  there  .should  he  little  problem  as  far 
as  space  is  concerned. 

d.  Power:  Both  the  ARC-XXX  and  the  AR1NC-359A  radio  use  115 
volt,  400  Hz,  three-phase  power. 

e.  Cooling:  The  72811-2  has  a  mount  with  a  blower  tor  installa¬ 
tions  wltere  no  central  cooling  air  system  is  used.  The  AR1NC-559A 
design  should  comply  with  ARINC-404A  type  "A"  I  low-through  cooling, 
however,  a  blower  should  be  included  tor  cooling  in  certain  retrofit 
installations  where  no  cooling  air  is  provided. 

f.  Audio  Output  :  The  72811-2  military  radio  has  an  audio  output 
of  150  mW  with  an  impedance  ol  1 4(1  ohms.  The  62HT-1  AKINC  radio  has 
an  audio  output  ol  200  mW  into  600  ohms  with  a  source  impedance  ol 

less  than  300  ohms.  There  should  be  no  problem  w i t  li  dt  iving  the  military 
interphone  system  with  the  AR 1  N<  i.idius. 
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g.  Audio  Input:  The  audio  input  circuit  impedance  is  150  ohms 
in  the  ARC-XXX  radio.  With  an  audio  input  from  the  interphone  system 
of  4  volts  peak  to  peak,  the  voice  processing  within  the  radio  will 
pass  an  audio  signal  with  a  peak  to  average  ratio  of  12  db.  For  AR1NC 
radios  the  input  impedance  is  also  150  ohms  and  the  input  levels  are 
in  accordance  with  ARINC-412. 

h.  Wiring:  The  ARC-XXX  is  conligured  to  replace  Lhe  old  ARC-65 
radio  and,  therefore,  does  not  have  a  standard  ARINC  form  factor.  Some 
changes  in  "Croup  A"  would  be  required  to  retrofit  an  ARINC  radio 

in  an  ARC-XXX  installation.  However,  many  military  aircraft  use  the 
Collins  618T  transceiver  which  is  an  ARINC-533A  characteristic  radio. 

In  these  aircraft  the  newer  ARINC-559A  radios  could  be  installed  with 
the  use  of  an  adapter  rack  with  little  or  no  change  in  aircraft  wiring. 

3.  Operational  Parameters. 

a.  Frequency  Range:  Military  HF  radios  have  a  frequency  range  of 
2  to  30  MHz.  ARINC-559A  requires  a  frequency  range  of  2.8  to  24.0 
MHz  (the  Collins  628T-1  lias  a  range  of  2.8  to  26.999  MHz). 

b.  Frequency  Channeling  Increments:  Military  radios  use  0.1 
KHz  Increments  whereas  commercial  HF  radios  use  1.0  KHz  increments. 

c.  Channels:  The  two  previous  specifications  combine  to  give 
military  radios  280,000  channels  whereas  the  commercial  radios  are 
required  to  have  only  21,200  channels  (the  628T-2  has  24,200  channels). 

d.  RF  Power  Output:  The  ARC-XXX  radio  is  required  to  have  400 
watts  PEP  (Peak  Envelope  Power)  or  400  watts  average  power.  ARINC-559A 
is  asking  for  400  watts  PEP,  but  200  watts  PEP  will  be  allowed  as  a 
temporary  expedient  to  accommodate  solid  state  transmitters.  The 
628T-1  is  a  200  watt  1’EP  radio;  however,  it  uses  speech  processing  which 
boosts  the  radio's  "talk  power"  to  that  of  a  400  watt  PEP  radio  without 
speech  processing. 

e.  Modes:  The  ARC-XXX  will  operate  m  upper  sideband  (USB),  lower 
sideband  (I. SB),  amplitude  modulation  equivalent  (AME) ,  cw  (continuous 
wave),  and  DATA.  ARINC-S59A  radios  will  operate  USB,  AME,  and  DATA. 

The  most  siguil leant  dltterence  is  the  lack  ul  LSB  inode  in  ARINC  radios. 

t.  Secure  Voice:  lhe  ARt.-XXX  is  required  to  operate  with  secure 

voice  equipment  .  Tire  ARINC  radios  have  no  such  requirement.  A  band¬ 
width  ot  at  least  t0<>  to  1/00  Hz  is  required  for  secure  voice  operation. 
ARINC  radios  have  a  bandwidth  ot  150  to  I'SOO  Hz.  This  narrower  response 
may  degrade  the  i  n  1 1  1  I  I  r  l>  1  1  1  t  v  in  secure  mode.  The  amount  of  degreda  — 
t Ion  would  have  to  In  letetmined  by  testing. 

4.  ill  sui.it  .i.n  y,  till  ,  .  oiq.u;  i  .on  tud  ieolt  s  that  in  most  cases  a  change 
in  "Croup  A"  equipment  w.-ild  he  .ill  tli.it  Is  needed  to  install  an 
ARINC  type  radio.  In  soim  uses ,  only  an  adapter  rack  will  be  required. 

(continued) 
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However,  the  operational  differences  between  the  two  types  of  radios 
pose  a  more  serious  problem.  I'he  lower  performance  of  the  AK1NC  radios 
in  frequency  range,  frequency  channeling  increments,  RF  power  output, 
and  modes  of  operation  may  not  be  accepted  bv  military  users.  Further¬ 
more,  there  is  an  increasing  concern  about  nuclear  hardening  (a 
requirement  for  the  ARC -XXX)  that  is  not  dealt  with  in  commercial 
radios.  The  AKINC  radios  could  he  modified  or  specially  designed  to 
incorporate  ulL  or  most  ol  the  lealures  piesenily  used  by  the  military. 
However,  a  common  mi  1 i tary/commerc ia 1  radio  is  not  very  foreseeable 
because  commercial  users  are  not  willing  to  pay  the  extra  price  for 
features  that  they  neither  need  mu  want  in  their  HF  system. 
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7 .  ACD/ENACA  Comparison  Between  Military  and  Commercial  Standard  Inertial 
Systems 


ARINC-561-11  (INS)  ENAC  77-1  (INS) 

ARINC-704  (IRU)* 

1.  This  comparison  of  ARINC  characteristics  501-11  and  7(;4  with  the 
F ^  INS  specified  in  ENAC  77-1  will  stress  the  packaging,  mounting  and 
cooling  consideration  referud  to  m  the  taskiny  for  this  study  however 
other  aspects  will  be  covered.  It  should  be  nutt d  that  while  both 
ARINC  and  the  ENAC  documents  define  inertial  system  standardization , 

ENAC  77-1  covers  applications  in  a  wide  variety  of  aircraft  and  roles; 
the  ARINC  characteristics  are  specifically  desiyned  for  installation 
in  the  rather  beneiyn  environment  of  commercial  transport  aircraft. 

The  ARINC  561-11  defines  an  Inertial  Naviyation  System  (INS)  Navigation 
Unit,  ENAC  77-1  defines  a  similar  INS  Inertial  Navigation  Unit  and  the 
ARINC  704  defines  an  Inertial  Reference  Unit  (IRU)  which  requires  an 
external  computer  to  be  considered  equivalent  to  the  ARINC  561-11  and 
ENAC  77-1  units. 

PACKAGING 

2.  ARINC  7u4 .  Specific  dimensional  requirements  of  the  IRU  are  fully 
detailed  in  ARINC  Specification  600.  Except  for  cooling  openings  and 
front  hold  down  locations,  the  unit  should  comply  witli  the  basic  standards 
established  in  ARINC  600  tor  the  1()  MCI)  form  factor.  The  location  of 

the  cooling  openings  and  front  holddowns  should  be  for  an  8  MCU  rather 
than  a  10  MCU  form  factor.  The  IRU  has  specified  dimensions  of: 

a.  length  12.48"  to  12.56"  (Ref); 

b.  height  7.60"  to  7.64"  (Ref);  and 

c.  width  12.69"  ±  0.02" 

3.  This  IRU  lias  a  volume  of  approximately  1210  in-5  and  approximates  a 
3/4  Short  size  box  in  length  and  height  but  exceeds  the  specified  width 
(it  should  be  7.50") . 

4.  ARINC  561-11.  The  commercial  inertial  navigation  unit  should  comply 
with  the  basic  standards  established  in  ARINC  specifications  404  for  the 
1  ATR  hong  size.  This  navigation  unit  has  the  following  specified 
dimensions : 

a.  length  19.61"; 

b.  height  10 .625" (MAX) ;  and 

c.  width  10.125"  1  0.03125" 

‘ARINC-704  Inertial  Reference  Unit  provides  all  of  the  basic  INS  functions. 
ARINC-702  Flight  Management  Computer  adds  sophisticated  waypoint  navigation. 

(continued) 
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5.  The  Navigation  Unit  has  a  volume  of  211u  in'*  and  violates  the  1  ATR 
Long  box  size  in  the  height  dimension  (it  should  be  7.62")  for  equipment 
reasons. 

6.  F~*  INS  (ENAC  77-1).  The  packaging  ot  tin.-  INU  foi  the  F'*  INS  is 
defined  by  tlie  attached  drawiiigs.  'this  unit  aus  tlie  following  dimensions: 

a.  length  16.187“  (plus  1.41"  max  optional  front  for  connectors  and 

handles  and  1 . ho  MAX  for  optional  doghouse  in  the 
back) ; 

b.  height  7.625  MAX;  arid 

c.  width  7.531"  MAX  (plus  u.18"  optional  on  both  sides). 

7.  The  INU  has  a  volume  of  approximately  1040  in’*  and  fits  a  3/4  ATR 
Short  box  size  in  height  and  width  but  exceeds  the  length  specification 
(it  should  be  12.62"). 

8.  Thus  while  none  of  three  units  under  comparison  exactly  measure  to 
ATR  specifications,  they  approximate  a  3/4  ATk  Short  size  for  the  INU  of 
the  F  INS  and  the  AkINC  IRU  arid  1  A'i'R  Long  for  the  ARINC  Navigation  Unit. 
It  is  not  entirely  realistic  to  include  the  IRU  in  tins  comparison  since 
it  does  not  have  the  capabilities  of  Ijhe  other  two  units.  The  point  to 
be  made  here  is  that  the  INU  of  the  F"  INS  which  does  more  than  the 
ARINC  561-11  Navigation  Unit, does  it  in  a  package  of  almost  half  tlie 
volume . 

MOUNTING 

9.  ARINC  704  .  The  IRU  should  use  ARINC  form  factors  defined  in  this 

specification  for  the  mounting  tray.  The  tray’s  dimensions  are:  12.45* 

to  12.40”long  (outside);  7.u4"  max  height  and  while  overall  width  is 

not  specified,  the  two  rear  mounting  pins  are  8.158"  apart.  There  are 
three  mounting  pins:  two  on  the  back;  one  round,  the  other  diamond  shaped 
and  a  forward  round  pin  on  the  tray’s  center  line.  The  IRU  must  be 
capable  of  proper  orientation  when  it  is  mounted  with  its  longitudal 
dimension  parallel  to  the  direction  of  flight  .  It  is  normally  mounted 
facing  aft  (i.e.  to  be  removed  it  i.-  pulled  toward  tlie  rear  of  tlie 
aircraft)  and  if  it  is  mounted  facing  forward  interwiring  changes 

involving  program  pins  must  be  incorporated.  Mounting  tolerances  (with 

reference  to  the  principle  aircraft  axes  are  *12  arc  minutes  in  pitch 
roll  and  azimuth. 

10.  ARINC  561-11.  The  Navigation  Unit  T lay  is  similar  to  the  ARINC  704 
specification.  It  has  an  optional  height,  reguii  i-nient  but  is  specified 
as  19.469"  -  o.o3l"  long  (inside)  and  lu.156"  (minimum)  wide.  While  the 
arrangement  of  round  and  diamond  pins  are  the  same,  the  pins  on  tlie 
Navigation  Unit  are  slightly  laiger  than  the  IRU  tray  (0.3110"  OD  on 

the  ARINC  561-11  tray;  0.3075* on  the  ARINC  7o4  tray).  The  same  restric¬ 
tions  on  mounting  the  Navigation  Unit  longitudal  dimension  parallel  to 
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the  direction  of  flight,  facing  aft  apply  as  do  interwiring  changes  if 
it  is  mounted  facing  forward.  Mounting  tolerances  are  dependent  on 
subsonic  and  supersonic  aircraft  and  relative  to  the  aircraft  or  other 
INSs  on  the  aircraft.  Relative  to  the  aircraft,  pitch,  roll  and  azimuth 
accuracy  is  -  12  arc  minutes  on  subsonic  aircraft  and  -  6  arc  minutes  for 
pitch  and  roll  and  -  12  arc  minutes  for  azimuth  on  SST  aircraft. 

Relative  to  other  INSs,  pitch  and  roll  accuracies  are  -  6  arc  minutes 
and  ±  12  arc  minutes  for  azimuth  regardless  of  aircraft  type. 

11.  ENAC  77-1.  This  specification  specifies  the  mounting  rack  as 
reference  only.  These  drawings  are  attached.  It  is  specified  to  be 
15.00"  max  long  (outside)  not  including  the  air  inlet,  4.00“  high  and 
7.90"  max  wide.  There  are  also  three  mounting  pins;  2  diamond  pins 
and  one  round  however  the  front  pin  is  a  diamond  pin  and  is  off  the 
center  line  of  the  tray.  Pin  sizes  are  0.3097"  OD  which  puts  them 
between  the  sizes  of  the  previous  two  units.  Fore  and  aft  installation 
is  possible  by  simply  setting  the  appropriate  pin  on  the  power  (J132) 
plug.  The  ENAC  77-1  document  does  not  specify  aircraft  to  mount 
tolerances . 

12.  The  three  specifications  have  no  apparent  physical  similarity; 
no  dimension  is  the  same  and  pin  size  and  locations  vary.  The  ENAC 
specification  makes  installation  facing  forward  or  aft  easier  than 
ARINC  characteristics.  There  is  no  provision  for  any  unit  to  be 
mounted  sideways  in  any  aircraft.  Of  interest  is  the  omission  of  any 
tolerances  in  the  mounting  of  the  Navigation  Unit  to  the  rack.  'Die 
ARINC  characteristic  clearly  state  there  are  absolutely  no  mounting 
accuracy  requirements  while  the  ENAC  specification  states  that  mechanical 
boresighting  of  sensors  will  not  be  required  after  LRU  replacement  and 
that  the  INU  mount  shall  provide  for  interchangeable  installation  of 
INUs  without  adjustment  to  retain  INU  boresight. 

COOLING 

13.  ARINC  704.  Ttiis  characteristic  states  that  all  cooling,  thermal 
design  and  appraisal  should  be  in  accordance  with  ARINC  600  level  2. 

The  airflow  rate  provided  to  the  IRIJ  should  be  that  required  to  cool 
200  watts  minimum  of  internal  power  dissapation  (para  3.5.4. 3  of  ARINC 
600) .  This  will  require  44  Kq/HR  (1.6  lb/min)  of  40  degree  C  inlet 

air  cooling  at  the  Thermal  Design  Condition  of  ARINC  600  Section  3. 5. 1.6. 
The  pressure  drop  of  coolant  airflow  should  be  level  2  of  25  *  5  mm 
(1  inch)  of  water. 

14.  ARINC  561-11.  This  character isti c  states  that  ARINC  Specification 
404  (with  Supplement  2)  must  be  followed  regarding  the  specific  require¬ 
ments  of  cooling  provisions.  This  document  specifies  cooling  air  for 
flow-through  system  as  0.8  Ib/min  of  cooling  air  per  100  watts  of 
dissapated  energy  when  the  unit  inlet  air  is  37.8  degrees  C  (100  degrees  F) 
at  sea  level.  The  unit  pressure  drop  at  design  air  flow  rates  should 

not  exceed  1  inch  of  water  when  measured  across  tlie  box  (does  not  include 
tray  orifices)  and  corrected  to  sea  level  at  100  degrees  F. 
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15.  ENAC  77-1.  This  specification  states  that  cooling  air  shall  be 
provided  according  to  the  attached  cooling  air  specifications.  The  cooling 
air  is  to  be  able  to  dissapate  approximately  340  watts  through  a  temperature 
range  of  -51  degrees  C  to  +38  degrees  C.  The  specified  pressure  drop  is 
specified  at  2  inches  of  water  i  10%.  This  requirement  is  at  1.2  Ibs/min 
at  27  degrees  C  and  sea  level  pressure.  ENAC  77-1  also  specifies  over¬ 
cooling  and  undercooling  provisions  that  require  operation  but  allow 
degraded  performance. 

16.  Both  AKINC  characteristics  have  snuilui  cooling  air  requirements . 

The  ENAC  77—1  specification  is  much  niori  demanding  in  the  area  of  over 
and  under  cooling. 


17.  In  general,  the  three  criteria  compared  above  show  the  K J  INC 
requirements  are  more  stringent.  This  is  to  he  expected:  the  r 
system  has  very  high  reaction  time  criteria,  the  AKINC  systems  do  not 
specify  this  criterion;  E  accuracy  is  detailed,  AKINC  is  not.  There 
are  many  other  characteristics  t  hat  t  he  1-'^  system  has  but  are  absent  in 
tlje  commercially  specified  systems.  For  a  fuller  appreciation  of  the 
F  system  it  is  recommended  that  interested  parties  read  ENAC  77-1. 
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COOLING  AIR  SUPPLY  TEMPERATURE 


COOLING  AIR  FLOW 


8.  ASD/ENTAMD  Comments  on  Commercial  Standard  Weather  Radar 
1 .  ARINC  Characteristic  708 

a.  Parag r a [>h  1  . 1  .  Weather  detection,  ranging,  and  analy¬ 
sis  is  listed  as  a  primary  requirement  with  ground  mapping  a 
secondary  requirement.  The  USAF  gene  ra  I  1  v  requires  ground 
mapping  as  well  as  weather  detection.  Ranking  the  two  require¬ 
ments  as  primary  and  secondary  mav  not  be  appropriate. 

b.  Paragra ph  1  .2.  F.rnphasis  of  characteristic  708  is 
placed  on  weather  detection  and  analysis. 

e .  Paragraph _ 1  .3.2.  This  paragraph  specifies  all  stabili¬ 

zation,  control  ,  and  display  information  should  be  serial  digi¬ 
tal.  Are  the  standards  listed  (ARINC  429 ,  ARINC  704,  and  ARINC 
70S)  compatible  with  Mil. -STD-1  553?  Military  weather  radars 
should  be  compatible  with  M  1  l.-STD- 1  553  . 

d.  Paragraph  1  . 3  .  3  .  1  .  This  paragraph  implies  that  all 
circuitry  necessary  for  r crept i on ,  transmission,  and  signal 
processing  must  he  in  a  single  box.  It  ground  map  modes  are 
also  required,  it  mav  not  he  practical  to  put  all  three  func¬ 
tions  in  a  single  box  due  to  size  and  weight  limitations. 

e .  Paragraph  1.5.  FA  A  J’SO  standards  are  called  out. 

These  shoul d  be  checked  against  appropriate  Mil  Specs  and 
adjustments  made  as  necessary 

f.  Paragraph  1.6.  No  reliability  figures  are  given. 

This  may  be  okay,  hut  it  is  a  break  with  Air  Force  tradition. 

g.  Paragraphs  2.1  through  2.h.  Specifying  box  shapes 
and  sizes  may  he  okay  for  airl  i  tie  in'" ,  hid  somot  i  tips  these 
radars  need  to  be  instal  led  in  sisal  1  "r  odd  shaped  places  in 
USAF  a i re ra  f i  . 

h.  Paragraph  !.9.  I  he  envi  r<»nment  al  conditions  spec  >  ‘  i  ed 
are  consi derahl y  less  stringent  than  those  of  HSAF  equipment. 

A  pressurized  compartment  for  the  radar  would  ho  required. 

i .  Paragraph  3.3.  A  pencil  beam  would  not  he  adequate 
for  most  USAF  ground  mapping  requirements. 

j .  Paragraph  1.8.  Mil  -STD-469,  paragraph  6.4,  requires 
mi  1 i t  ary  radars  to  he  frequency  tuneable. 

k.  Pa ra graph  4 . 5 .  A  n. 5  ran  spot  size  is  speei tied.  Spot 
size  measured  in  naut  ical  miles  is  not  very  meaningful  since 
that  number  eltanr.es  with  ranee  c  ait  selected  even  though 


( cent i nuod ) 


actual  spot  size  does  not.  Perhaps  paragraph  4.5  contains 
a  typographical  error  and  0.5  mm  was  intended. 

2 .  RTCA  Document  DO-134 

The  minimum  performance  standards  listed  in  DO-134  have  no 
relationship  to  any  current  USAF  weather  radar  requirements. 
The  standards  are  minimum  acceptable,  but  all  current  Air 
Force  weather  radar  requirements  exceed  these  standards.  Our 
actual  requirements  are,  therefore,  used  in  specifying  weather 
radar  performance. 


9.  ENFTC  Comments  on  Commercial  Standard  Automatic  Flight  Control 


<1 


ARINC  701  Flight  Control  MIL-F-949D 

ARINC  702  Flight  Management 

ARINC  703  Thrust  Control 


1.  The  ARINC  characteristics  701,  702  and  703  have  been  reviewed 
and  evaluated  by  ENFTC.  The  documents  were  found  to  be  useful 
guidelines  for  commercial  transport  aircraft  manufacturers  and 
airlines.  However,  they  do  not  incorporate  the  necessary  criteria 
needed  to  specify  design  characteristics  for  high  performance 
military  aircraft.  Furthermore,  the  ARINC  documents  provide  only 
general  guidelines  centered  around  the  operational  characteristics 
of  the  automatic  flight  system  for  commercial  transport  aircraft. 
Dynamic  flight  control  requirements  are  not  provided  by  these 
documents . 

2.  The  design,  mechanization,  packaging,  mounting,  and  cooling 
of  the  automatic  flight  control  systems  used  on  military  aircraft 
is  influenced  by  mission  requirements  and  operational  environments, 
i.e.,  attack  and  fighter  aircraft  flight  control  system  require¬ 
ments  differ  drastically  from  those  of  transport  aircraft. 

Specification  MIL-F-9490  incorporates  the  necessary  design 
specifications  and  comprehensive  requirements  that  cover  the  total 
spectrum  of  flight  control  systems  for  military  aircraft.  Presently 
the  MIL-F-9490  is  in  the  process  of  being  updated  (contract  no. 
F33615-79-C-3617)  to  incorporate  state-of-the-art  technological 
advancements  in  digital  avionics,  microelectronics,  packaging, 
actuators,  sensors,  etc.. 

3.  Nevertheless,  it  is  recommended  that  the  Flight  Management  Computer 
System  ARINC  characteristic  702,  which  describes  the  next  generation 

of  automatic  flight  guidance,  be  utilized  as  a  reference  document 
for  the  development  of  the  automatic  flight  control  systems  for 
future  military  transport  aircraft.  This  will  incorporate  into 
the  design  of  future  automatic  flight  control  systems  the  necessary 
parameters  to  accomplish  an  automatic  flight  path  control  mode 
to  accomplish  optimum  energy  efficiency. 
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COMPARISON  OF  RADAR  ALTIMETER 
SPECIFICATION  REQUIREMENTS  ARINC  522A 
AND  ARINC  707-1  VERSUS  LARA 


This  appendix  presents  comparisons  between  the  USAF  Low  Altitude  Radar 
Altimeter  (LARA)  requirements  (as  of  July  1979)  and  the  commercial  airlines 
standard  low  altitude  radio  altimeter  requirements  contained  in  ARINC  522A 
and  ARINC  707-1. 

The  paragraph  numbers  quoted  in  the  following  sections  identify  para¬ 
graphs  in  the  LARA  specification  where  the  LARA  requirements  are  not  met 
by  the  ARINC  Characteristic. 


1.  DIFFERENCES  BETWEEN  LARA  AND  ARINC  552A 
Altitude  Range 

Paragraph  3. 2. 1.4  requires  0-5000  feet  capability.  ARINC  552A  requires 
only  0-2500  feet  and  specifically  requires  that  performance  be  optimized 
for  the  0-2500  feet  region  and  that  any  increase  in  maximum  height  not  inter¬ 
fere  with  this  optimization . 

Ground  Speed 


Paragraph  3.2.1  requires  reliable  operation  at  ground  speeds  up  to 
2000kts.  ARINC  552A  does  not  address  ground  speed  range.  However,  the  RTCA 
Minimum  Performance  Roquirements-Ai rborne  Low  Range  Altimeter,  DO-155,  which 
is  the  basis  for  the  FAA  Technical  Standard  Order  (TSO) ,  requires  perform¬ 
ance  in  the  range  0-50  feet/second  (29.0  kts)  lateral  velocity  and  0-300 
foet/second  (177.6  kts)  longitudinal  velocity.  Since  these  values  are  more 
than  adequate  for  final  approach  and  landing  of  transport  aircraft,  manu¬ 
facturers  of  airlines  altimeters  have  not  been  motivated  to  design  for  the 
higher  ground  speed.  However,  the  ability  of  their  equipments  to  function 
within  specification  beyond  the  DO-1 55  v«  loci  ties  could  be  determined  by 
either  analysis  or  test  of  the  individual  equipment  designs. 

Aircraft  Altitude 

Paragraph  3. 2.1.6  require;;  operation  at  bank  and  oitch  angles  up  to 
.■*  45  degrv-K.  ARINC  5 5 2 A  requires  operation  at  roll  and  pitch  angles  only 
u:  to  *  30  degrees  since  this  is  considered  adequate  for  final  approach 


and  landing.  The  low  value  of  roll  and  pitch  has  teen  used  by  manufacturers 
of  commercial  altimeters  to  permit  higher-gain  and  more  directive  antennas, 
which  provide  more  rejection  of  multipath  signals  than  could  be  obtained 
with  antennas  compatible  with  the  LARA  specification.  Consequently,  it  is 
unlikely  that  any  altimeters  in  commercial  use  will  satisfy  this  LARA  speci¬ 
fication  requirement. 

Tracking  Rate/Time  Constant 

Paragraph  3. 2. 1.7  requires  following  of  changes  in  altitude  up  to 
+2000  feet  per  second.  Because  of  the  intended  application  of  airlines 
altimeters,  the  maximum  altitude  rate  for  which  the  altimeters  need  be 
designed  is  about  1,500  feet  per  minute  (25  feet/second).  ARINC  552A  does 
not  address  this  requirement.  RTCA  DO-155  requires  that  accuracy  standards 
be  met  at  sink  rates  up  to  25  feet/second  (1,5000  feet/min) . 

Cooling 


Paragraph  3.2.1.13  requires  that  no  forced  air  cooling  shall  be  em¬ 
ployed.  ARINC  552A  pe.  mits  cooling  air  be  supplied  to  the  altimeter  R/T 
unit  in  accordance  with  ARINC  404A. 

Input  Power 

Paragraph  3.2.1.14  requires  that  the  LARA  operate  either  from  115  Vac, 
400  Hz  or  from  28  Vdc  and  that  a  power  off/on  switch  be  provided  on  the 
face  of  the  Height  Indicator.  ARINC  552A  does  not  require  operation  from 
28  Vdc,  it  specifically  recommends  that  an  off/on  switch  not  be  used  and 
terms  an  indicator  witli  such  a  switch  "non-standard".  However,  a  pin  on 
the  indicator  is  reserved  for  those  users  who  may  desire  an  of i/on  switch 
in  spite  of  this  admonition,  and  a  "non-standard"  indicator  with  a  switch 
certainly  could  be  procured. 

Adjustments 

Paragraph  3.4.1.10  requires  that  the  R/T  have  means  available  to  adjust 
for  aircraft  installation  delay  (AID)  without  removing  the  R/T  from  its 
case.  ARINC  552A  requires  this  adjustment  to  be  made  by  installing  jumpers 
between  pins  on  the  rack  connector.  AID  does  not  change  after  installation 
of  antennas  and  cables;  consequently,  no  ARINC  552A  R/T  adjustment  is 
required  or  allowed. 

Blanking  Pulse 

Paragraph  3. 4. 1.4  requires  that  the  R/T  accept  and  produce  blanking 
pulses  to  [jermit  blanking  of  the  LARA  and  other  systems.  ARINC  552A  does 
not  require  this  capabi 1 i ty,  and  no  connector  pins  are  reserved  for  this 
!  'urpose . 
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Clock  Synchronization 


Paragraph  3. 4. 1.7  requires  that  the  R/T  accept  synchronizing  signals 
to  synchronize  digital  outputs.  No  digital  outputs  are  provided  by  the 
ARINC  552A  altimeter. 

Synchronization  Pulse 

Paragraph  3. 4. 1.6  requires  that  the  R/T  accept  and  generate  synchroni¬ 
zation  signals  to  synchronize  the  pulse  repetition  frequency  (for  pulsed 
designs).  No  such  provision  is  specified  by  ARINC  552A, and  no  connector 
pins  are  reserved  for  this  purpose. 

Analog  Altitude 


Paragraph  3. 4. 1.2  requires  two  independent  AC  analog  altitude  outputs 
with  linear-8mv/foot  scales.  ARINC  552A  supplies  one  synchro  and  one  log¬ 
arithmic,  analog  output  with  a  radically  different  scaling  factor. 

Digital  Altitude 

Paragraph  3.4. 1.3  requires  2  digital  outputs.  ARINC  5  52A  has  none. 
Track/No  Track  Signal 

Paragraph  3.4. 1.8  requires  a  discrete  "Track"  signal.  ARINC  552A  does 
not  specify  this  and  no  connector  pin  is  reserved  for  this  purpose.  The 
flag  warning  output  of  352A  altimeters  seems  to  fulfill  this  requirement, 
however . 

Paragraph  3. 4. 1.8  requires  that  the  analog  output  voltage  for  NO-TRACK 
rise  to  -46.7  t  0.7  volts  and  that  the  digital  output  increase  to  all  ones. 
ARINC  552A  does  not  specify  such  outp>ut  signal  changes. 

Modulator  Pulse  Output 


Paragraph  3. 4. 1.5  requires  an  R/T  output  video  pulse  during  each  trans¬ 
mitted  pulse  (for  a  pulsed  system).  ARINC  552  does  not  specify  this  output, 
and  no  connector  pin  is  reserved  for  it. 

Time  Totalizing  Indicators 


Paragraphs  3.4.1.12  and  3. 2. 1.3  require  time  totalizing  indicators  for 
the  R/T  and  Height  Indicator,  respectively .  (Some  of  the  ASD  comments  on 
the  LARA  specif ication  indicate  that  this  is  desired  in  R&D  units  only.) 
ARINC  552A  does  not  specify  a  time  totalizing  indicator  for  either  the  R/T 
or  the  Indicator. 

Power  and  Signal  Connection 

Paragraph  3.4.1.13  specifies  power  and  signal  connections  different 
from  those  specified  by  ARINC  552A. 
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Size 


The  following  table  shows  the  differences  between  sizes  listed  in 
paragraphs  3. 2. 2.1  and  3. 2. 2. 2. 2  and  those  listed  in  ARINC  552A: 


R/T  Unit 

LARA 

552A 

Height 

3.125" 

7.62" 

Width 

3.75" 

4.88" 

Depth 

i— 1 

CO 

r- 

12.52" 

Indicator 

Height 

3.25" 

3.175 

Width 

3.25" 

3.175 

Depth 

4.54" 

5.00" 

Nuclear  Hardening 


Paragraph  3. 2. 2. 5.1  indicates  that  the  degree  of  nuclear  hardening 
required  will  be  established  by  the  procuring  activity.  ARINC  552A  does 
not  require  any  degree  of  nuclear  hardening. 

Gunfire  Vibration 


The  July  1979  draft  of  the  LARA  specification  will  be  modified  to 
require  the  ability  to  withstand  gunfire-induced  vibration.  Commercial 
equipment  is  not  required  to  withstand  this  stress,  although  suitable  vibra¬ 
tion  mounts  might  provide  this  capability. 


2.  DIFFERENCES  BETWEEN  LARA  AND  ARINC  707-1 

For  the  following  items,  the  differences  between  the  LARA  specifica¬ 


tion  and  ARINC  707-1  are  identical  to 
and  ARINC  552A: 

Altitude  Range 
Ground  Speed 
Aircraft  Attitude 
Tracking  Rate/Time  Constant 
Track/No  Track  Signal 
Modulator  Output  Pulse 


those  between  the  LARA  specification 

Adjustments 
Blanking  Pulse 
Clocking  Synchronization 
Synchronization  Pulse 
Time  Totalizing  Indicators 
Power  and  Signal  Connector 
Gunfire  Vibration 
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Output  Noise  Level 

Paragraph  3. 2. 1.1  limits  output  noise  level  to  a  three  sigma  value  of 
±  1  least  significant  bit  (0.076  feet  for  5000  feet  full-scale)  on  the 
digital  output.  Below  100  feet  altitude,  ARINC  707-1  limits  rms  noise- 
output  to  0.25  feet  (in  the  band  0.05  to  5  Hz),  and  its  least  significant 
bit  is  0.125  feet  for  binary  output  and  0.1  feet  for  BCD  output.  No  noise 
restrictions  other  than  those  implied  by  the  accuracy  requirement  are  spec¬ 
ified  by  ARINC  707-1  for  altitudes  above  100  feet. 

Cooling 


Paragraph  3.2.1.13  prohibits  the  use  of  forced  air  cooling.  ARINC 
707-1  requires  11  Kg/hour  of  40°c  (or  less)  cooling  air.  The  air  is  per¬ 
mitted  to  impinge  directly  on  piece  parts  and  must  be  dry  and  clean  enough 
to  avoid  contamination. 

Incut  Power 


Paragraph  3.2.1.14  requires  the  LARA  to  be  operable  from  either  115 
Vac  400  Hz  or  23  Vdc  and  that  an  in/off  switch  be  provided  on  the  indicator 
panel.  ARINC  707-1  does  not  permit  the  use  of  28  Vdc  and  speci f ical ly  pro¬ 
hibits  "...  master  on/off  power  swi telling  within  the  radio  altimeter...”. 

Height  Indication  Face 

Paragraph  3.4.2.16  requires  both  an  analog  pointer  and  a  digital  dis¬ 
play.  Neither  of  the  ARINC  707-1  indicators  has  a  digital  display. 

Size 

The  following  table  shows  the  differences  in  size  requirements  between 
the  LARA  specification  and  ARINC  707-1: 

LARA  ARINC  707 

3.123"  7.64" 

3.750"  3.56” 

7.81"  12.76" 

3.25"  3.  ‘7  " 

3.27  " 

4 . 54" 


R/T 

Height 
Width 
Do  p  til 

In'i  j  ca  tor 

Height 

Width 


Depth 


4.54" 


APPENDIX  D 


SURVEY  OF  INDUSTRY  OPINION 


This  appendix  includes  the  survey  questionnaire  that  was  mailed,  a 
summary  of  the  answers  received  to  our  specific  questions,  reproduction 
the  letter  replies  received,  and  a  list  of  firms  that  were  solicited. 
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Gentlemen: 


ARINC  Research  Corporation  is  under  contract  to  the  Air 
Force  (Contract  Number  F33657-79-C-0717 )  to  evaluate  and  re¬ 
port  on  the  possible  costs/benefits  of  the  standardization  of 
USAF  avionics  packaging,  mounting,  environmental  control  re¬ 
quirements  (PME)  and  to  determine  the  extent  to  which  such 
standardization,  if  beneficial,  could  utilize  civil  airline 
avionics  standards.  As  a  part  of  this  contract,  we  are  re¬ 
quired  to  solicit  inputs  from  aircraft  and  avionics  manufacturers 
to  obtain  opinions  and  viewpoints  on  at  least  the  following  ques¬ 
tions  . 

a.  Is  a  military  standard  based  on  ARINC  600  concepts  a 
viable  approach  to  simplifying  avionics  installations 
obtaining  greater  equipment  reliability  and  achieving 
reduced  acquisition,  modification,  and  support  costs? 

b.  What  qualitative  or  quantative  benefits  has  the  man¬ 
ufacturer  previously  observed  in  commercial  practice 
versus  military  practices? 

c.  If  the  new  USAF  standard  requires  a  new  design  of 
mounting  racks  and  connectors,  and  an  upgraded  en¬ 
vironmental  control  system,  what  are  the  expected 
areas  of  concerns  and  impacts? 

1.  for  a  new  aircraft 

2.  for  major  avionics  modernization  programs 

d.  Should  the  USAF  standard  attempt  to  be  all  inclusive 
across  all  types  of  aircraft  and  core/common/mission 
avionics,  or  should  it  address  only  certain  subsets 
of  these? 

We  would  appreciate  your  comments  on  these  questions 
together  with  any  related  information  or  observations  that  you 
feel  may  be  of  benefit  to  our  study.  If  possible,  we  would  like 

to  receive  your  comments  by  15  August  so  that  we  may  expand  or 
clarify  comments  recieved,  if  necessary,  by  in-plant  visits  and 
more  detailed  discussions  during  the  period  15  August-September 
7.  In  addition  to  your  textual  response  to  the  listed  questions, 
we  would  appreciate  your  completing  the  attached  form  to  supply 
background  information  about  your  company  and  to  summarize  your 
overall  opinions  in  a  way  suited  for  easy  tabulation. 

Thank  you  for  your  assistance  in  this  matter.  Should  you 
desire  further  information,  you  are  encouraged  to  call  either 
Mr.  Neil  Sullivan,  ( 301 ) 22^-U 000 ,  extension  289  or  Mr.  James 
Russell,  extension  576. 

Very  truly  yours, 

Kenneth  E.  Lyons 
Manager,  Acquisition 
Systems  Program 

KL :  kb 

Enclosures  l  <•: ) 

1.  Industry  Survey  Form 

2.  ARINC  Specification  *600-1 
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INDUSTRY  SURVEY:  AVIONICS  PACKAGING,  MOUNTING,  ENVIRONMENTAL  STANDARD 

RETURN  TO: 

ARINC  Research  Corporation 
2551  Riva  Road 
Annapolis,  Maryland  21401 

Attention:  Mr.  N.  Sullivan 


COMPANY _ 

ADDRESS _ _ _ CODE _ _ _ 

POINT  OF  CONTACT _ _ 

PHONE  NUMBER _ _ 

PRINCIPAL  AVIATION 

PRODUCT  LINES  COMMERCIAL  MILITARY 


1.  Organization  feels  that  standards  would  be  beneficial? 


Yes 

No 

Packaging 

□ 

□ 

Mounting 

a 

□ 

Cooling 

□ 

□ 

Power 

□ 

□ 

2. 


Organization  feels  that  standard  should  be: 


Direct  adoption  of  ARINC  600 
Adaptation  of  ARINC  600 
Other  concept 


□ 

□ 

□ 


3.  Standard  should  be  made  applicable  to: 


New  design  aircraft  only 
New  and  older  aircraft 

4.  Standard  should  address: 

Core  avionics  (e.g.,  computers) 

Common  avionics  (e.g.,  radios) 
Mission  avionics  (e.g.,  EW  equipment) 


□ 

□ 


□ 

□ 

□ 
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ARINC  Research  Corporation 
2551  Riva  Road 
Annapolis,  MD.  21401 

August  15,  1979 


Attention  :  Neil  Sullivan 

Subject  :  Standardization  of  Avionics  Packaging 
Gentlemen: 

In  response  to  your  inquiry  of  July  30,  1979  we  are  pleased  to  offer  our 
opinions  relative  to  the  use  of  ARINC  600  and  other  standardization 
philosophies  for  possible  application  to  Air  Force  avionics.  The  comments 
below  relate  to  the  four  questions  of  your  letter  by  letter  designation. 

a.  A  military  standard  based  on  ARINC  concepts  probably  is  a  viable 
approach  for  certain  classes  of  aircraft.  It  roust  be  recognized, 
however,  that  the  ARINC  concept  prohibits  many  practices  common  in 
military  design  and  vice  versa.  For  example,  all  ARINC  boxes  have 
blind  rear  panel  connectors  and  permit  forced  air  cooling  while  the 
military  counterparts  have  screw  on  or  bayonet  locking  connectors 
(often  on  the  front  panel)  and  sometimes  require  sealed  cases  for 
environmental  protection.  Military  equipment,  on  the  other  hand, 
does  not  utilize  the  edge  connected  PC  boards  which  are  common  in 
airline  equipment. 

If  these  differences  can  be  accommodated,  a  military  standard  could 
be  an  important  step  toward  improved  reliability  and  reduced  cost 
of  future  avionics  hardware. 

b.  The  major  advantages  observed  in  commercial  practice  lie  in  the  areas 
of  produc tivi ty ,  maintainability  and  minimum  aircraft  down  time. 

ARINC  standardization  permits  a  great  degree  of  commonality  between 
boxes  which  are  functionally  different.  This  commonality  helps 
produce  better  products  and  lower  cost  through  larger  production 
runs,  transfer  of  proven  technology  and  standardized  test  fixtures. 

ARINC  characteristics  and  specifications  are  devoted  to  the  definition 
of  equipment  which  can  be  easily  maintained  through  accessibil i ty  and 
abundant  test  points.  The  rapid  interchangeability  feature  keeps 
aircraft  down  time  to  a  minimum. 
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ARINC  Research  Corporation 
Attn:  Neil  Sullivan 
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August  15,  1979 


The  price  paid  for  these  features  is  flexibility.  ARINC  equipment  does 
not  generally  represent  the  ultimate  in  compact  design  and  the  standar¬ 
dized  packages  do  not  permit  optimum  space  utilization  in  the  equipment 
rack. 

The  military  has  long  proclaimed  that  blind  push-on  connectors  are  not 
as  reliable  as  the  positive  contact  type.  While  this  may  be  true,  the 
connector  in  most  ARINC  equipment  is  not  the  weakest  link  from  a  re¬ 
liability  point  of  view.  The  use  of  new  mounting  racks,  with  front  or 
rear  connections,  would  be  most  appropriate  for  new  aircraft,  but  may 
also  be  applicable  in  major  modification  program.  This  would  be  deter¬ 
mined  primarily  by  the  type  of  aircraft  involved. 

If  a  standardization  program  is  implemented,  it  should  be  as  all  in¬ 
clusive  as  possible  to  realize  benefit  from  economies  of  scale.  From 
this  point,  exceptions  are  required  to  meet  all  installation  require¬ 
ments.  If  the  exceptions  exceed  the  standardized  installations,  the 
benefits  of  standardization  will  be  essentiallv  lost.  In  this  event, 
standardization  by  subsets  should  be  considered  as  an  alternative  to 
full  standardization  even  though  some  of  the  benefits  cited  in  b  will 
not  be  realized. 


Very  truly  yours, 

- — 

W.E.  Rupp,  Manager 
Government  Engineering 
/  kc 

Enclosure;  Industry  Survey 
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BOEING  AEROSPACE  COMPANY 


P  0  Box  3999 

Startle,  Washington  98124 


A  Division  of  The  Boeing  Company 


October  22  ,  1 979 
2-8080-LAI-130 


ARINC  Research  Corp. 

2551  Riva  Road 
Annapolis,  Maryland  21401 

Attention:  Mr.  G.  E.  Flowers 

Dear  Mr .  FI  owers  : 

The  Avionics  Technology  Staff  of  the  Boeing  Military  Airplane 
Development  organization  is  pleased  to  review  the  several  questions 
asked  by  you  in  your  letter.  We  apologize  for  the  tardiness  of  our 
reply . 

In  answer  to  your  questions: 

We  don't  believe  that  a  military  standard  based  strictly  upon  ARINC 
600  is  a  viable  approach.  The  accompanying  diagram  explains  this  belief. 

In  a  broad  sense  and  approached  as  a  philosophy,  standardization  of  USAF 
avionics  packaging,  mounting,  cooling,  etc.  will  be  beneficial.  Appli¬ 
cation  and  use  of  such  a  standard  will  reduce  costs  of  installation  and 
also  the  1 i fe  cycl e  cost . 

ARINC  600  standard  is  applicable  to  certain  types  of  equipment,  generally 
using  air  as  the  coolant.  For  this  reason,  ARINC  600  cannot  be  adopted 
"as  is."  Adaptation  of  ARINC  600  will  only  cover  a  small  portion  of  the 
avionic  equipment  installed  on  military  airplanes.  An  examination  of 
the  attached  diagram  will  help  to  understand  this  point. 

The  avionic  equipment  installed  in  military  airplanes  can  be  classified 
in  a  number  of  groups  as  shown  in  Figure  1.  ARINC  600  or  an  adaptation 
of  it,  can  be  used  for  a  portion  of  the  equipment  installed  on  transport 
type  airplanes.  However,  this  comprises  a  small  portion  of  avionic 
equipment  installed  on  military  airplanes.  Other  groups  have  different 
constraints  and  operational  requirements,  which  make  the  application  of 
ARINC  600  a  hindrance. 

As  the  amount  of  total  avionic  equipment  goes  up,  which  is  the  case  on  patrol 
and  command  type  airplanes,  cooling  air  requirement  exceeds  the  airflow 
available.  This  necessitates  use  of  closed  loop  systems  or  use  of  coolants 


rr 


Page  Two  2-8080- LAI  - 1 30 


other  than  air.  In  the  case  of  bombers  and  fighters,  a  standard  such  as 
ARINC  600,  which  specifies  rack  and  box  sizes,  will  result  in  space 
limitations.  Similarly  requiring  a  box  of  logic  card  files  to  meet  a 
standard  designed  for  electronic  equipment  will  be  wasteful. 

To  conclude,  a  standard  such  as  ARINC  600  would  be  desirable.  However, 
such  a  standard  will  have  to  be  divided  into  sections  to  serve  the 
different  types  of  airplanes,  different  types  of  avionic  equipment  and 
also  to  leave  room  for  newer  equipment  that  is  expected  to  be  installed 
on  future  airplanes . 


Yours  truly, 

L.  A.  Irish 

Enclosure 
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ClNiRAU  DYNAMICS 

Fort  Worth  Division 

P.O.  Box  748,  Fort  Worth,  Texas  76101  •  817-732-4811 

GRE/MCD:  jw/Gen.FW//060-12675 

17  August  1979 

ARINC  Research  Corporation 
2251  Riva  Road 
Annapolis,  Maryland  21401 

Attention:  Mr.  N.  Sullivan 

Subject:  Industry  Survey:  Avionics  Packaging,  Mounting  Environmental  Standard 

Reference:  (a)  ARINC  Letter,  ASG/ASP/A&V-79-140,  dated  31  July  1979 
(b)  ARINC  Specification  600-1 

Gentlemen: 

We  appreciate  being  included  in  your  survey  with  regard  to  standardizing  environ¬ 
mental  control  requirements.  We  feel  that  there  is  much  to  be  gained  by  an 
effort  toward  such  standardization.  The  comments  in  the  following  paragraphs 
are  keyed  to  the  specific  questions  in  your  letter.  We  would  be  glad  to  work 
with  you  in  more  detail  if  you  desire. 

Reference  paragraph  a 

The  concept  of  a  recognized  standard  for  the  physical  aspects  of 
avionics  equipment  is  appealing  for  all  the  reasons  listed  in 
paragraph  "a"  of  reference  message.  Such  a  standard  would  improve 
or  simplify  communications  between  the  aircraft  provisions  designer 
and  the  avionics  manufacturer  by  providing  a  common  baseline  either 
to  follow  or  to  take  exception  to  if  the  standards  were  not  applic¬ 
able.  Certainly,  there  will  be  exceptions  because  of  the  special 
packaging  requirements  of  small,  high-density  military  aircraft. 

As  an  example  of  this,  the  F-16  has  an  approximate  total  of  70 
LRUs;  of  these  70  LRUs,  42  (60%)  have  a  volume  of  1  MCU  (1/8  ATR) 
or  more.  To  best  utilize  available  space  of  these  42  LRUs,  22 
need  to  be  less  than  12.56  long  and/or  7.62  high  (ref  MCU  box 
size),  5  need  to  be  more  than  12.56  long  and  9  LRUs  are  form 
fitted.  Of  the  42  LRUs  having  a  volume  greater  than  1  MCU,  6 
LRUs  (9%  of  70)  are  adaptable  to  a  MCU  size.  These  numbers  sug¬ 
gest  that  to  best  utilize  the  aircraft  space,  the  LRUs  will  need 
to  have  some  flexibility  in  length  and  height  and  at  time  also 
in  shape.  ARINC  600  is  certainly  a  viable  approach  and  should 
be  a  useful  tool  to  the  aircraft  and  avionics  community  if  applied 
to  aircraft/avionics  development/production  programs  in  proper 
context . 
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Reference  paragraph  b 

The  resolution  of  differences  between  commercial  and  military  speci¬ 
fications  for  commonly  used  avionics  should  lead  to  fewer  development 
programs  for  the  relatively  small  quantity  requirements  of  the  mili¬ 
tary.  Systems  such  as  communication,  identification,  civil  navigation 
computers,  etc.,  could  be  identical  in  the  same  time  frame  and  could 
benefit  by  the  maturing  effect  of  the  longer  production  runs  pro¬ 
duced  by  common  military  and  commercial  requirements. 

Reference  paragraph  c 

It  is  generally  expected  that  each  new  airplane  could  require  mounting 
racks  that  are  unique  due  to  the  specific  physical  interfaces  involved 
but  if  the  new  rack  requires  vibration  isolators,  the  problem  becomes 
difficult  not  only  from  a  space  standpoint,  but  the  question  of  quali¬ 
fication  test  must  be  addressed  and  much  of  the  advantage  of  using 
standard  equipment  disappears  with  the  start  of  a  rack  development 
program.  If  the  equipment  were  specified  to  be  "hard  mounted"  and 
some  appropriate  criteria  defined,  the  impact  on  aircraft  space  and 
program  dollars  would  be  less  on  new  and  modified  aircraft  than  if 
the  rack  "served  as  an  attenuator  of  aircraft  vibration  modes"  as 
required  in  paragraph  3. 2. 5.1  of  referenced  specification. 

More  efficient  connectors  are  always  desirable  if  the  logistics 
problems  of  supply,  multiple  source,  tools,  and  training  are  solved 
at  the  same  time  that  design  requirements  are  met.  We  have  success¬ 
fully  used  rack-and-panel  connectors  on  many  installations  and  would 
not  resist  applying  any  standard  hardware  specified. 

The  thermal  design  requirements  in  section  3.5  of  referenced  speci¬ 
fication  indicate  a  need  for  drier  air  in  larger  quantities  per  KW 
than  is  presently  provided.  In  either  new  or  modernized  aircraft, 
the  increased  requirements  would  require  more  bleed  air  from  the 
engine  which  would  in  turn  reduce  airplane  performance.  There  are 
some  ways  of  minimizing  the  impact  of  providing  dry  air,  but  more 
space  is  required  than  is  usually  available  on  tactical  military 
aircraft.  If  the  "cold  plate”  method  of  cooling  is  used  rather 
than  the  implied  open  component/air  wash  arrangement,  the  stringent 
requirement  of  paragraph  3. 5. 4. 2  could  be  relieved. 

Reference  paragraph  d 


It  would  seem  useful  to  apply  the  USAF  standard  as  an  objective  to 
all  aspects  of  avionics  at  the  onset  of  a  program  and  depart  from  it 
only  as  the  best  interests  of  the  program  are  served.  As  mentioned 
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in  the  opening  paragraphs  of  this  message,  there  will  be  many  varia¬ 
tions,  but  repetitive  deviations  will  serve  to  update  the  document. 

Mr.  John  M.  Murphy,  Manager,  Electrical  Systems  and  Installation  Section,  is 
responsible  for  avionics  packaging  in  our  organization.  John  will  be  most 
pleased  to  discuss  this  subject  in  more  detail  if  you  so  desire  (phone 
(817)  732-4811,  ext.  4101). 


Sincerely , 


GENERAL  DYNAMICS  CORPORATION 
Fort  Worth  Division 
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ARINC  Research  Corporation 
2551  Rlva  Road 
Anapolis,  Maryland  21401 

Attention:  Mr.  Kenneth  E.  Lyons 

Acquisitions  Systems  Program 


Gentlemen: 

As  a  major  supplier  of  avionics  equipment  for  both  civil  and  military 
requirements,  we  are  very  pleased  to  respond  to  your  inquiry  of  using 
civil  airline  type  avionics  standards  for  military  installations.  Our 
response  to  your  specific  questions  is  as  follows: 

a)  “Is  a  military  standard  based  on  ARINC  600  concepts  a  viable 
approach  to  simplifying  avionics  installations,  obtaining 
greater  equipment  reliability,  and  achieving  reduced  acqui¬ 
sition,  modification,  and  support  costs?" 

Yes!  The  ARINC  600  specification  establishes  interfaces  bet¬ 
ween  the  avionics,  its  associated  racking,  and  the  aircraft 
which  offers  the  capability  for  mutually  sharing  trade-off 
analysis  responsibilities  on  all  design  parameters  like 
acquisition  costs,  reliability,  support  costs,  etc. 

A  specification  of  this  type  could  provide  the  military  with 
a  means  to: 

(1)  specify  a  cost  effective  and  reliable  avionics  environ¬ 
ment  for  all  aircraft.  (Due  to  the  wide  range  of  military 
aircraft  and  variable  mission  requirements,  a  single  speci¬ 
fication  may  not  be  practical  but  instead  could  contain 
categories . ) 

(2)  assure  interchangeability  of  avionics  and  provide  a  pre¬ 
planned  means  for  updating  and  modernization  of  aircraft. 

(3)  realize  some  degree  of  standardization  of  hardware  and  allow 
for  the  perfection  of  these  standardized  areas  without  affec¬ 
tion  technology  advancement  of  other  areas. 


D- 12 


Mr.  Kenneth  E.  Lyons 
August  15  1979 
Page  2 


(4)  establish  a  workable  and  consistent  maintenance  test 
program. 

b)  "What  qualitative  or  quantative  benefits  have  the  manufacturers 
previously  observed  in  conmercial  practices  versus  military 
practices?" 

As  an  avionics  manufacturer,  benefits  from  commercial  versus 
military  practices  have  been  realized  in  higher  reliabilities, 
lower  support  costs  and  lower  manufacturing  costs. 

The  apparent  higher  reliability  of  commercial  avionics  is  con¬ 
tributed  to  a  more  favorable  and  consistent  environment  and  main 
tenance.  Reliability  of  comparable  commercial  equipments  will 
vary  from  two  times  to  well  over  four  times  that  of  the  mili¬ 
tary. 

Benefits  in  manufacturing  costs  are  realized  from  hardware 
standardization,  self-imposed  quality  control  standards,  and 
reduced  environmental  requirements.  Military  products  will 
typically  run  15%  to  20%  higher  in  quality  control  costs. 

c)  "If  the  new  USAF  standard  requires  a  new  design  of  mounting 
racks  and  connectors  and  an  upgraded  environmental  control 
system,  what  are  the  expected  areas  of  concern  and  impacts?" 

For  new  aircraft,  the  procurement  procedures  and  attitudes 
of  stressing  the  reduction  of  weight  and  volume  will  have 
to  give  way  to  the  results  of  other  trade-off  studies  involving 
cost,  reliability  and  equipment  support. 

For  major  avionics  modernization  programs,  the  cost  of  retro¬ 
fitting  the  aircraft  to  the  new  standard  must  be  traded-off 
against  benefits  expected. 

d)  "Should  the  USAF  standard  attempt  to  be  all  inclusive  across 
all  types  of  aircraft  and  cor/common/mission  avionics  or 
should  it  address  only  certain  subsets  of  these?" 
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Avionics  standardization  becomes  more  and  more  difficult  to 
Implement  across  more  aircraft  with  various  and  more  missions. 
It  Is  felt  that  some  degree  of  standardization  across  the 
entire  fleet  would  be  beneficial  and  could  be  handled  by 
categories  within  a  specification.  It  is  also  felt  that  all 
types  of  avionics,  or  portions  of  avionic  systems,  that  can 
functionally  be  remote  mounted  in  an  aircraft,  should  be 
con<.  oiled  by  the  standard. 

Thank  you  for  allowing  us  to  comment  on  a  subject  we  consider 
of  major  Importance. 

Should  additional  information  be  required,  please  feel  free  to 
contact  us. 


JTourstrulyy/ 

R.  A.  Saunders 
Mechanical  Design  Manager 
Government  Avionics  &  Missiles  Group 

RS:  1 1 
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SINGER 


AEROSPACE  &  MARINE  SYSTEMS 

KEARFOTT  DIVISION 

18  September  1979 


ARINC  Research  Corporation 
2551  Riva  Road 
Annapolis,  Maryland  21401 

Attention:  Mr.  N.  Sullivan 

Subject:  Comments  on  ARINC  Specification  *600- 1  os  regards  its  use 

as  a  basis  for  Military  Standards 

Reference:  Your  Letter  ASG/ASP/A&V-79-140,  dated  7/31/79. 

Gentlemen: 

The  Kearfott  Division  of  The  Singer  Company  is  pleased  to  present  its  comments  relative 
to  the  referenced  subject. 

The  summation  of  Keorfott's  opinion  is  that  the  subject  specification  is  sufficiently  different 
from  actual  military  requirements  that  it  would  hove  to  be  severely  modified  in  order  to  be 
suitable  for  military  application.  Further,  we  think  that  a  new  USAF  standard  should  apply 
only  to  new  design  aircraft  and  those  existing  aircraft  that  will  undergo  complete  overhaul. 
Our  comments,  which  are  enclosed,  elaborate  on  the  opinion  summarized  in  this  paragraph. 

We  trust  that  the  comments  provided  herein  will  assist  you  in  that  portion  of  your  evalua¬ 
tion  regarding  the  extent  to  which  civil  airline  avionics  standards  can  be  used  for  military 
applications.  Also  enclosed  is  the  complete  industry  survey  as  requested. 

Should  you  require  any  additional  information,  please  do  not  hesitate  to  call  the  undersigned. 


JPS.beo 

Enclosures: 


(1)  Comments  on  ARINC  Specification  *600-1  as  regards  its  use  as  a  basis 
for  Military  Standards. 

(2)  Completed  Industry  Survey. 


ENCLOSURE  I 


Comments  on  ARINC  Specification  ^600-1  as  regards  its  use  as  a  basis  for  Military  Standards. 

Question  (a)  is  a  military  standard  based  on  ARINC  600  concepts  a  viable  approach 
to  simplifying  avionics  installations  obtaining  greater  equipment 
reliability  and  achieving  reduced  acquisition,  modification,  and  support 
costs? 

Answer  Standardization  of  military  equipment  is  a  feasible  method  of  obtaining 

the  benefits  of  reduced  cost  of  ownership  and  increased  reliability. 

Kearfott  is  already  vigorously  engaged  in  providing  support  to  the  USAF 
for  this  concept  for  the  Standard  (Form,  Fit,  Function)  Moderate 
Accuracy  Inertial  Navigation  System.  This  program  is  designed  to  meet 
USAF  requirements  through  the  1980's  and  into  the  '90's.  The  Phase  I 
requirement  of  ARINC  600  conflict  with  the  packaging  committed  to  the 
Standard  F  unit.  Moreover,  it  is  unknown  at  this  time  what  impact 
the  evolution  of  ARINC  600  through  Phases  II  and  III  might  have  on  the 
Standard  F  program.  It  is  conceivable  that  much  of  the  design  effort 
would  have  to  be  repeated,  thus  opening  the  fiscal  floodgates  because 
of  new  tooling  requirements,  requalification  of  hardware,  and  logistic 
considerations. 

Specific  areas  where  ARINC  600  differs  from  the  requirements  of  the 
Standard  F  INS  are: 

o  Package  dimensions 

o  Cooling  air  pressure  drop  too  low 

o  Ratio  of  power  dissipation  to  volume  is  too  low  for 
dense  military  packaging 

o  Vibration  input  to  MCU  appears  unrealistically  low 

While  these  differences  may  be  resolved  by  the  process  of  specification 
give  and  take,  a  more  fundamental  problem  exists  in  any  attempt  to 
make  an  inertial  navigation  unit  compatible  with  an  ARINC  600  installa¬ 
tion  in  which  it  is  mounted  in  a  common  rock,  shelf,  or  cabinet  with 
other  equipment.  This  problem  concerns  the  need  for  the  inertial  naviga¬ 
tion  unit  to  be  precisely  aligned  on  its  mount  which,  in  turn,  is  adjustable 
through  limited  angles  with  respect  to  the  aircraft  axis.  In  addition,  the 
mounting  rack  must  maintain  its  orientation  highly  stable  to  allow  removal 
and  replacement  of  the  inertial  navigation  unit  without  the  need  for  re¬ 
alignment. 


D-16 


Question  (b)  What  qualitative  or  quantitative  benefits  has  the  manufacturer  previously 
observed  in  commercial  practice  versus  military  practices? 


Answer 


An  answer  to  this  question  is  quite  classical  in  context.  Namely,  there 
are  the  rigorous  design  requirements  (environmental  in  particular)  imposed 
by  the  military  that  result  in  units  being  very  well  designed  indeed  and 
possibly  er  designed  in  some  instances.  This  statement  is  not  critical 
of  said  rigorous  design  requirements,  but  rather  a  reporting  of  the  results 
of  these  requirements,  for  it  is  understood  that  a  significant  safety  factor 
must  be  incorporated  into  military  design  in  order  to  allow  for  unpredict¬ 
able  extreme  environmental  conditions.  These  rigorous  military  require¬ 
ments  certainly  make  for  more  expensive  items  as  would  be  expected. 

While  these  military  requirements  do  not  inhibit  innovative  designs, 
actually  in  some  cases  the  military  requirements  act  as  a  spur  to  innova¬ 
tions,  they  are  sufficiently  restrictive  so  as  to  channel  the  design  develop¬ 
ment  by  independent  manufacturers  along  parallel  paths  thus  resulting  in 
similar  designs. 

The  corollary  to  the  above  is  also  classical.  Namely,  designing  to  the 
more  relaxed  commercial  standards  yields  a  design  that  is  generally  less 
costly  to  manufacture  and  generally  not  as  good  as  one  designed  to 
military  standards.  Commercial  standards  also  tend  to  have  more  room  for 
innovative  design  and  can  result  in  independent  manufacturers  coming  up 
with  designs  that  are  quite  different  for  the  same  item. 

Notwithstanding  the  previous  comments,  there  is  a  somewhat  unexpected 
benefit  in  the  area  of  reliability  associated  with  commercial  practices. 
Kearfott  has  observed  an  improvement  in  reliability  in  commercial  vs. 
military  practices  for  avionics  equipments  that  is  from  2  or  3  times  better 
to  as  much  as  10  times  better.  Among  other  things,  this  improvement  is 
associated  with  the  relatively  benign  operating  environment,  longer  equip¬ 
ment  operating  times,  and  different  (better)  maintenance  procedures  that 
commercial  equipments  experience  versus  military  equipments. 


Question  (c) 


Answer 


Question  (d) 


Answer 


If  the  new  USAF  standard  requires  a  new  design  of  mounting  racks  and 
connectors,  and  an  upgraded  environmental  control  system,  what  are 
the  expected  areas  of  concerns  and  impacts? 

1.  for  a  new  aircraft 

2.  for  major  avionics  modernization  programs 

The  response  to  this  question  as  it  pertains  to  inertial  equipment  is 
included  in  Answer  (a)  above. 


Should  the  USAF  standard  attempt  to  be  all  inclusive  across  all  types 
of  aircraft  and  core/common/mission  avionics,  or  should  it  address 
only  certain  subsets  of  these? 

The  ARINC  600  specification  appears  more  appropriate  to  transport  type 
aircraft,  whose  installations  can  be  made  to  accommodate  the  new 
packaging  and  mounting  schemes,  than  to  smaller  aircraft.  Also,  we 
would  recommend  it  only  for  new  aircraft  and  aircraft  slated  for  major 
avionics  overhaul.  Ideally  a  new  USAF  standard  should  apply  to  and 
benefit  core,  common  and  mission  avionics  equipments  across  the  board, 
however,  in  our  opinion  it  would  be  impractical  to  have  this  new  standard 
address  mission  avionics  equipments  due  to  the  specialized  nature  of  this 
type  of  equipment. 
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po  sox  21m 

PHOENIX  ARIZONA  85036 

telephone  (602)  942-2311 


10  August  1979 


Reference:  Letter  dated  31  July  1979 

ASG/ASP/A&V-79-140 


Mr.  N .  Sullivan 
ARINC  Research  Corporation 
2551  Riva  Road 
Annapolis,  MD  21401 

Dear  Mr.  Sullivan: 

The  attached  information  is  provided  in  response 
to  the  request  contained  in  the  referenced  letter.  As 
you  are  no  doubt  aware,  the  question  of  using  commer¬ 
cial  packaging  standards  for  military  equipment  is  a 
many-faceted  one  that  is  difficult  to  discuss  in  a 
few  paragraphs. 

The  information  attached  has  been  prepared  by 
our  Engineering  group  that  is  responsible  for  packag¬ 
ing  all  of  our  Droducts;  both  military  and  commercial. 

I  hope  that  our  response  will  be  useful  and  if 
we  can  be  of  further  assistance,  please  do  not  hesi¬ 
tate  to  advise. 


Don al d  A .  few 

Commercial  Marketing  Manager 
International  Marketing 


OAF : 1  me 

Attachment 

cc :  W .  Squi res 

D.  Burkholder 
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RESPONSES  TO  ARINC  LETTER  ASG/ASP/A&V-79-140 ,  dtd  7/31/79 


a.  It  must  be  recognized  that  the  ARINC  600  concepts  are 
based  on  a  more  benign  environment,  both  thermally  and 
structurally,  than  that  normally  encountered  for  military 
equipment.  In  addition,  ARINC  600  does  not  address  require 
ments  such  as  human  factors  which,  when  imposed  by  military 
specifications,  have  an  adverse  effect  on  equipment  cost. 

b.  It  is  difficult  to  be  specific  relative  to  benefits  of 
commercial  versus  military  practices.  In  general,  com¬ 
mercial  equipment  has  less  structural  we igh t, simp le r 
access  for  maintenance  and  lower  fabrication  cost. 

c.  In  any  new  specification  for  equipment  installation  con¬ 
cerns  would  include: 

1.  Location  of  cooling  air  inlet  and  outlet 

2.  Quantity  and  quality  of  cooling  air  provided 

3.  Nature  of  unit  hold-down  fittings 

4.  Grounding  and  bonding  of  the  unit  to  the  air  frame 

5.  Connector  types  -  zero  or  low  insertion  force,  locating 
features,  whether  the  units  are  plug-in  and,  if  so, 
whether  the  rear  connector  supports  the  unit,  sealing 
requirements,  number  of  spare  pins,  whether  spare  pins 
are  installed,  etc. 

6.  Unit  finish  requirements,  paint  systems,  color,  etc. 

7.  Will  handles  have  to  provide  for  gloves  or  mittens? 

d.  It  is  not  felt  that  a  single  requirement  will  be  effective 
for  all  classes  of  aircraft.  The  thermal  and  structural 
requirements  for  fighters  are  significantly  more  severe 
than  those  for  transports.  If  a  singlp  standard  was  used 
it  would  require  all  equipment  to  be  designed  to  meet  the 
most  severe  environment. 
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COST-BENEFIT  MODEL 


1 .  INTRODUCTION 

This  appendix  contains  an  expansion  of  the  methodology  used  in  the 
formulation  of  the  cost-benefit  model,  together  with  the  necessary  proce¬ 
dures  to  run  the  program. 


2 .  METHODOLOGY 

The  cost-benefit  model  is  divided  into  three  cost  areas  —  initial 
integration,  operation  and  support,  and  avionics  update  modification  — 
each  of  which  has  two  subroutines.  One  of  these  subroutines  is  selected 
for  each  cost  area  on  the  basis  of  the  complexity  of  the  available  data, 
which  has  been  stored  in  the  associated  file.  A  description  of  the  various 
subroutines  in  mathematical  form  is  presented  in  Tables  E-l  through  E-6. 

The  cost-benefit  model  does  not  use  these  equations  as  written  because  the 
multidimensional  arrays  require  too  much  core  allocation,  which  causes  the 
program  to  become  core-limited  in  the  time-sharing  system  being  used  (Mark 
III,  FORTRAN  77).  Instead,  performing  the  individual  computations  and  writ¬ 
ing  them  to  tape  accomplishes  the  objective  indicated  by  the  equations  in 
Tables  E-l  through  E-6,  while  only  using  a  small  core  allocation.  A  unique 
record  number  is  assigned  automatically  by  the  program  for  writing  to  tape 
and  reading  back  from  tape  for  subsequent  computational  steps. 

The  subroutines  are  used  to  compute  a  baseline  cost  element  for  each 
of  the  designated  avionics  groups  in  each  of  the  three  cost  areas.  These 
computations  are  then  repeated  for  each  of  the  chosen  standardization 
alternatives,  by  use  of  the  cost-weighting  factor  appropriate  to  each  case. 

The  main  program  computes  the  cost  saving  by  taking  the  cost  difference 
between  the  baseline  and  each  of  the  chosen  standardization  alternatives  for 
each  cost  area  of  each  avionics  group  and  accumulates  the  baseline  LCC  and 
the  avionics  life-cycle-cost  saving  for  each  standardization  alternative 
and  each  avionics  group.  In  the  course  of  this  computation,  the  annual  cost 
saving  (or  required  additional  investment,  if  negative)  for  each  aircraft 
type  is  calculated,  together  with  an  annual  total  for  all  of  the  aircraft 
types  programmed,  for  each  standardization  alternative.  A  discount  factor 
can  be  applied  separately  to  certain  annual  subtotals,  thereby  providing 
discounted  values  for  the  following  totals  of  each  standardization 
alternative : 


E-l 


Table  E-l.  SUBROUTINE  INITIAL 


Table  E-2.  SUBROUTINE 


Note:  J  =  Number  of  Aircraft  Types,  I  =  Number  of  Years,  K  =  Number  of  Avionics  Types,  L  =  Number 

of  Standardization  Alternatives,  and  P  =  Discount  Percentage. 


Note:  J  =  Number  of  Aircraft  Types,  I  =  Number  of  Years,  K  =  Number  of  Avionics  Types, 
L  =  Number  of  Standardization  Alternatives,  and  P  =  Discount  Percentage. 


Table 

E-6.  SUBROUTINE  MOD  1 

Modification  Cost  _ 

( J , I , K, L)  6 

{ J, I , K , L)  x  Modification  Cost  1 

( J, I ,K) 

Modification  Cost 

Discounted  =  Modification  Cost  (J,I,K,L)  *  (1  - 

p)  (I-! ) 

(J,  I ,  K, L) 

Note:  J  =  Number  of  Aircraft  Types,  I  =  Number  of  Years, 

K  *  Number  of  Avionics  Types,  L  =  Number  of  Standard 
ization  Alternatives,  and  P  =  Discount  Percentage. 


Annual  total  cost  savings  (i.e.,  all  aircraft  types  and  all  avionics 
groups  together) 


•  Life-cycle-cost  savings  for  each  avionics  group  (i.e.,  all  aircraft 
types  together) 

•  Life-cycle-cost  savings  for  each  aircraft  type  (i.e.,  all  aircraft 
types  together) 

•  Life-cycle-cost  savings  for  all  aircraft  and  all  avionics  groups 
together 

Figure  E-l  illustrates  a  flow  diagram  of  the  overall  concept  of  the 
cost-benefit  model. 


3.  INPUT  REQUIREMENTS 

The  input  requirements  are  separated  into  data  inputs  and  control 
inputs.  The  control  inputs  are  used  in  selecting  cost  areas  to  evaluate 
data  inputs  and  the  range  associated  with  selected  "DO  loops."  The  data 
inputs  contain  the  values  of  interest  for  the  various  elements  in  the 
euquations  (Tables  E-l  through  E-6)  for  the  cost  areas  being  evaluated. 
There  are  two  control  input  files,  designated  INIT9  and  ARRAYAC.  The  first 
control  file,  INIT9,  is  basically  a  vector  that  contains  11  terms,  as 
defined  in  Table  E-7.  The  second  control  file,  ARRAYAC,  contains  the  oper¬ 
ational  status  of  each  aircraft  for  each  year  of  interest  in  an  array  for¬ 
mat.  There  are  five  operational  status  situations  used  to  branch  to  the 
various  cost  areas  in  the  program,  as  illustrated  in  Table  E-8. 


Table  E- 

-7.  I N I T9  VARIABLES 

Variable 

Program 

Number 

Variable 

Variable  Description 

1 

L0 

Number  of  aircraft 

2 

LI 

Number  of  years 

3 

L2 

Number  of  avionics 

4 

L3 

Number  of  weighting  factors  (7) 

5 

L4 

Number  of  standardizations  (6) 

6 

L5 

One  dimension  of  K1  array  (8) 

7 

L6 

One  dimension  of  K3  array  (5) 

8 

L7 

”0"  initial  or  "1"  Initial  1 

9 

L8 

"0"  OAS  or  "1"  OAS  1 

10 

L9 

"0"  MODD  or  "1"  MOD  1 

11 

L10 

One  dimension  of  K4  array  (4) 

Table  E-8 .  ARRAY AC  VARIABLES 

Variable 

Subroutines 
Available  for 
Activation 

Variable  Description 

0 

None 

Aircraft  not  operational  that  year 

1 

Initial  1  or  Initial 
OAS  1  or  OAS 

Initial  year  of  operation 

2 

OAS  1  or  OAS 

Operational  this  year 

3 

OAS  1  or  OAS 

MOD  1  or  MODD 

Modification  this  year 

4 

Initial  1  or  Initial 

OAS  1  or  OAS 

MOD  1  or  MODD 

Additional  initial  equipment  and 
modifications  to  existing 
equipment; 

The  array  format  is  such  that  the  rows  define  aircraft  type  while  the 
columns  contain  years.  Therefore,  the  intersection  of  a  row  and  column 
will  have  a  0,  1,  2,  3,  or  4  in  its  place,  depicting  the  operational  status 
of  that  aircraft  type  for  that  year.  The  particular  subroutines  that  are 
activated  depend  on  the  variables  L7,  L8,  and  L9  of  IN1T9,  as  shown  in 
Table  E-7. 

Data  for  each  cost  area  are  set  up  in  a  dummy  file  that  describes  the 
aircraft  type,  year,  avionics,  and  weighting  factors  for  that  particular 
aircraft  type,  year,  and  avionics.  Data  are  entered  in  a  prescribed  manner 
as  indicated  in  the  read  statement  of  the  subroutine  of  interest.  The  data 
consist  of  the  weighting  factors  (which  are  also  entered  in  a  prescribed 
manner)  and  the  variables  associated  with  the  equations  (as  shown  in  Tables 
E-l  through  E-6) .  A  unique  record  format  is  used  in  entering  the  data  that 
are  read  and  converted  to  a  unique  record  number,  which  the  program  uses 
to  read  and  write  to  tape.  The  unique  record  format  is  straightforward  — 
the  first  aircraft  type  of  interest  is  labeled  "1",  while  the  second  is 
labeled  "2",  and  so  forth;  the  first  year  of  interest  is  labeled  "1",  the 
second  year  is  "2",  etc;  and  the  first  avionics  piece  or  group  is  labeled 
"1",  and  follows  the  same  technique  as  for  the  aircraft  type  and  years. 
Therefore,  the  third  aircraft  type  in  the  seventh  year  for  the  fourth 
avionics  would  be  indicated  as  "3,  7,  4".  This  unique  record  format  is 
converted  to  a  unique  record  number  and  is  in  a  look-up  table  that  has 
been  previously  computed. 

The  weighting  factors  used  for  this  task  are  presented  in  Tables  E-9 
through  E-ll.  A  copy  of  the  computer  program  has  been  provided  separately 
to  ASD/XRE. 


E-9 


Table  E-9 .  WEIGHTING  FACTORS  FOR  AIRCRAFT  A 


Standardization 

Alternative 


Present  I&D  GP-A 


Labor  O&S 


Common  Equipment 


PME 

1.0 

LRU 

1.0 

Rack /Mounting 

1.0 

Envi ronmental 

1.0 

Common  Power 

1.0 

PME 

LRU 

Rack/Mounting 
Environmental 
Common  Power 


0.9 

O 

tH 

CD 

O 

0.4 

o 

CD 

1.0 

1.0 

0.5 

CD 

O 

1.0 

1.0 

0.4 

1.0 

1.0 

CD 

O 

1.0 

0.9 

1.0 

0.9 

1.0 

Environmental  Equipment 


Mission-Unique  Equipment 


PME 

1.0 

LRU 

1.0 

Rack /Mounting 

1.0 

Environmental 

1.0 

Common  Power 

1.0 

0.9 

1.0 

CO 

o 

0.6 

00 

o 

1.0 

1.0 

0.7 

0.9 

1.0 

1.0 

0.6 

1.0 

]  .0 

0.8 

1.0 

0.9 

1.0 

0.9 

1.0 

4.  CREATING  FILES 


Creating  files  is  a  two-stage  operation  --  creating  the  space  required 
for  the  data  and  calling  a  routine  that  reads  the  dummy  files  and  restruc¬ 
tures  them  into  the  files  that  the  program  will  be  calling,  allocating 
unique  record  numbers,  and  packaging  the  data. 

Since  the  cost  of  storing  data  is  directly  related  to  the  space  used 
for  storage,  it  is  essential  that  core  space  be  allocated  judiciously.  A 
second  factor  to  be  considered  is  how  often  will  the  storage  space  need  to 
be  enlarged  or  decreased.  If  the  core  space  required  is  going  to  vary 
significantly,  it  may  be  more  cost-effective  to  place  the  core  space  in 
the  largest  size  necessary  and  pay  for  the  unused  space  than  to  incur  the 
additional  cost  of  computer  time  to  recreate  new  file  space  and  the  unique 
record  number  look-up  tables. 


Table  E 

—10 .  WEIGHTING 

FACTORS 

FOR  AIRCRAFT  B 

Standardization 

Alternative 

Present 

I&D 

GP-A 

GP-B 

Labor 

O&S 

MOD 

Common  Equipment 

PME 

1.0 

1.2 

1.1 

0.9 

1.0 

0.8 

0.4 

LRU 

1.0 

0.8 

0.6 

0.8 

1.0 

1.0 

0.5 

Rack/Mounting 

1.0 

0.8 

0.6 

0.8 

1.0 

1.0 

0.4 

Environmental 

1.0 

1.2 

1.1 

1.0 

1.0 

0.8 

1.0 

Common  Power 

1.0 

1.1 

1.0 

0.9 

1.0 

0.9 

1.0 

Environmental  Equipment 

PME 

1.0 

1.2 

1.2 

r 

1.0 

1.2 

1.0 

1.0 

LRU 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Rack/Mounting 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Envi ronmental 

1.0 

1.2 

1.2 

1.0 

1.2 

1.0 

1.0 

Common  Power 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Mission-Unique  Equipment 

PME 

1.0 

1.2 

1.1 

0.9 

1.0 

0.8 

0.4 

LRU 

1.0 

0.8 

0.6 

0.8 

1.0 

1.0 

0.5 

Rack/Mounting 

1.0 

0.9 

0.8 

0.9 

1.0 

1.0 

0.4 

Environmental 

1.0 

1.2 

1 . 1 

1.0 

1.0 

0.8 

1.0 

Common  Power 

1.0 

1.1 

1.0 

0.9 

1.0 

0.9 

1.0 

The  required  core  space  allocation  is  determined  by  an  algorithm  that 
makes  use  of  the  number  of  aircraft  types,  years  of  interest,  and  avionics 
classifications. 


5.  RUNNING  THE  PROGRAM 

Running  the  program  is  straightforward  once  all  the  files  have  been 
created.  However,  there  are  a  few  lines  in  the  proqram  that  may  require 
changing  if  the  data  sets  are  going  to  be  changed  in  the  areas  of  the  number 
of  aircraft  types,  years  of  interest,  or  avionics  classifications.  If  the 
program  is  going  to  be  used  for  sensitivity  analysis,  then  it  ip  not  neces¬ 
sary  to  make  changes  to  the  program.  In  fact,  the  proqram  can  be  loaded  and 
saved,  which  will  decrease  the  overall  cost  when  the  program  is  to  be  run 


E-ll 


Table  E-ll.  WEIGHTING  FACTORS  FOR  AIRCRAFT  C 


Standardization 

Alternative 


PME 

LRU 

Rack/Mounting 
Environmental 
Common  Power 


Present  I&D  GP-A  GP-B  Labor  OSS  MOD 


Common  Equipment 


PME 

1.0 

LRU 

1.0 

Rack/Mounting 

1.0 

Envi ronme  nta 1 

1.0 

Common  Power 

1.0 

PME 

1.0 

LRU 

1.0 

Rack/Mounting 

1.0 

Envi ronmental 

1.0 

Common  Power 

1.0 

1.0 


Environmental  Equipment 


1.0 

1.0  1.0 

1.0  1.0 

1.0  1.0 

1.0  1.0 


Mission-Unique  Equipment 


0.9 

1.0 

0.9 

0.5 

0.8 

1.0 

1.0 

0.6 

0.8 

1.0 

1.0 

0.5 

1.0 

1.0 

0.9 

1.0 

0.9 

1.0 

0.9 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1 .0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

repeatedly  with  only  perturbations  to  the  data  set.  The  program  is  run 
by  simply  saying  "run"  and  citing  tin?  name  of  the  program.  Each  time  a 
change  is  made  to  the  dummy  data  set,  it  is  necessary  to  call  the  routine 
that  updates  the  file  and  repacks  the  data.  Once  this  is  done,  the  pro¬ 
gram  can  be  run  again  for  the  new  output. 


6.  OUTPUT 

The  output  from  the  computer  model  contains  the  following: 


Total  LCC  (and  discounted  LCC)  for  life  span  of  aircraft 
Total  LCC  for  each  piece  of  avionics  equipment 


Tabulated  payback  from  each  standardization  alternative  as  a 
function  of  aircraft  type  and  years 


Typical  tabulated  output  for  the  five  standardization  alternatives, 
as  used  in  this  task,  are  presented  in  Table  E-12.  These  tables  show  the 
cost  savings  and  discounted  cost  savings  per  year  for  all  aircraft  types 
of  interest  or  for  the  lifetime  of  interest.  Application  of  the  remaining 
data  output  was  used  in  the  computations  for  sensitivity  analysis  as  out¬ 
lined  in  Chapter  Four. 
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Table  E- 

12.  (continued) 

LRU 

PPCKPGINS  CO 

ST  BENEFIT 

SUMMPRY 

IN 

THOU S PND 

BCLLPRS  <1979' 

YEPR 

PC-P 

PC-B 

PC  -c 

SUM 

DSUM 

1935 

0. 

0. 

0. 

f»  . 

0. 

1938 

0. 

0. 

0. 

0. 

0. 

1987 

0. 

cj  “  r* 

c  “  -7 

1  088 . 

385. 

1 988 

0. 

488 . 

88  0. 

6  £  £ . 

497. 

1989 

1  0  0  35 . 

1584. 

9  09. 

18587. 

3819. 

1990 

11848. 

8499. 

118  9. 

15318. 

9  044. 

1991 

1 8 1 8  0 . 

1514. 

1 7  98 . 

15470. 

8881 . 

1998 

18038. 

84  08 . 

I- c  O  "* 

C.  S'  a 

1701 8 . 

8 14  0. 

1993 

18038. 

990. 

1  c  c  6 1 

14848. 

6 1 3  3  • 

1994 

£££7 . 

99  0 . 

!-!  7 

4454. 

1785. 

1995 

£*£  7. 

99  0 . 

O  ”•  “7 

4454. 

1553. 

1998 

d  fT'  iZ.  i  • 

990. 

O  v  T* 

4454. 

1 398. 

1 997 

c!bc!  r  • 

99  0 . 

O  ' T* 

4454. 

1853. 

1998 

Ct’C  r  ■ 

99  0 . 

O  ~ 1 

44S4. 

1138. 

1999 

£62  7. 

99  0. 

X  ”* 

4454. 

1  0 1 9 . 

£  0  0  0 

cbci  • 

99  0. 

!-!  •'  *"* 

4454. 

917. 

3  0  0 1 

8887. 

99  0. 

C;  1;  “7 

4454. 

cr 

C_  J  a 

8008 

C.  t  C.  I  a 

0. 

0. 
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4  38. 

£005 

8887 . 

0. 

0. 
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0. 

0. 

0. 

0. 

0. 

CUM 
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15178. 
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7318. 

1 4  7  4  . 

51779. 

RPCK 

•MOUNT IMG  CO 

ST  BENEFIT 

*  IJMMPRY 

IN 
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DOLLPRS  1 1 979 1 
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HL  -h 

PC-B 

PC  -c 

’  IJM 

DSUM 

1 985 

0. 
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0. 

0. 

1988 
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0. 

1987 

0. 
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Table  E 

-12.  (continued) 

ENV I PDNMENT  COST 

BENEFIT  S 

UMMRPY  IN 

THOUSAND 

DOLLARS  •' 1 9?9> 

YEAR 

AC -A 

RC-F 

hC  ~C 

SUM 

mum 

1985 

0. 

0. 

0. 

0. 

0. 

1 98* 

0. 

0. 

0. 

0. 

0. 

198? 

o. 

-£93. 

— 6  9  • 

-581 . 

-471  . 

1988 

0. 

r  a 

_ T 

-14. 

-10. 

1 989 

- 39  0 1 . 
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-31. 
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— £6  1  0 . 

1 99  0 
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-£5. 
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1991 

-££03. 

1  14. 
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£ . 
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1993 

- 1  ?  09 . 

£9  9. 

97 . 

-131 3 . 

-565  a 

1994 

1 1  06 . 

£99. 

i£s. 

1 5££ . 

59  0. 

1935 

1 1  03 . 

£99. 

1  ££ . 

1  5c8  a 
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£99. 
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1 5££. 
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£99. 

lcc  1 

15££. 
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1998 

1 1  OS. 
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£9  9 . 
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1 5££. 
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1  05  3. 

46  0£ . 

MUM 
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r»c 
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COMMON 

POWER  COST 

BENEFIT 

SUMMARY  IN 

THOU SAND 

I'OLLRF "  -1979:' 

YEAR  * 

AC -A 

RC  -B 

AC-C 

SUM 

MUM 

1 985 

0. 

0. 

0. 

0. 

0. 

1986 

0. 

0. 

0. 

0. 

0. 

198? 

0. 

1  z  • 

—  a 
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0. 
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